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3D space-charge code with
circular accelerator
capabilities

Re-uses existing beam
dynamics packages
Arbitrary order maps
Advanced parallel computing

Modern build system and
code distribution tools

Human interface and
standard accelerator lattice
description (MAD)

Includes FFT (IMPACT) and
multi-grid (PETSc) Poisson
solvers

FNAL-Pub-04/136-CD, to be

published in JCP

Complete and flexible job management system

Code ported both on super-
computers and
parallel commodity PC clusters

import
results

sz c[:)r'Bea’rio | export
import
results

100
—
=
o
c
~
%)
c
| —-—
2
®
=
@ 10
e I
|} -
o
T
o)
Q.

QCDIB, Infiniband O
QCDB80, Gigabit
QCD80, Myrinet  +
1 | l | 1 1 Sea‘borlg I:I 1
4 8 16 32 64 128 256 512

number of cpu’s

Synergia model implementation validated with
comparisons to other codes and analytic model
predictions.

~100 turns/hr on 512
processors at NERC
~50 turns/hr on 64

2.0 Ghz Xeon
processors with
Infiniband
network fabric

High-precision simulations use

33x33x257 grid and
~3,000,000 particles

Periodic boundary conditions —

periodic/long beam

Multi-turn injection
6-D PhS matched beam

generation utilities
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Simulation of the Fermilab Booster using Synergia

Rapid cycling, 15 Hz, 400 MeV - 8 GeV
24 FOFDOOD 19.76 m long cells

RF: 37.8 ->52.1 MHz

16 RF cavities

P. Spentzouris, J. Amundson Fermi National Accelerator Laboratory

members of the “SciDAC Accelerator Science and Technology” team

The Fermilab Booster

Emittance: 12rtmm mrad, 0.25 eV sec

H injection, injection bump, stripping foil

Injection/capture/bunching ~ 2ms

Verification of shape analysis
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Booster Simulations and comparison with experiment

Coherent tune shift

* Horizontal and vertical tunes varied by tuning quads

* Resonances located by measuring beam transmission
* Multiple currents

* Tune shifts extracted from shifted resonance locations
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Transverse beam profile shape

Use the Booster lonization Profile Monitor (IPM).

+HV

Turn-by-turn profile measurement capabilities,
but response depends on beam charge. Need (o
calibrate using external data.

<«— Field Shaping Electrodes —» I—

J. Amundson, J. Lackey, P. Spentzouris, G. Jungman
and L. Spentzouris, Phys. Rev. ST Accel. Beams
6:102801, 2003

+ + e
+  Drifting lons
+

+ +
Micro Channel Plate

Collecting Strips

-HV
figure 8.6

35

i, Vertical IPM profile —e—
Synergia profile —e—

T
H—o
@ = @
7]
D @ o
R
» )
- R
(o
S
) \\:
D
®

Use model of IPM response to smear
the simulated beam profiles. Compare
to IPM data.

counts

Use shape of IPM profiles (Gaussian
versus non-Gaussian content) to
characterize beam halo.

Measured and simulated halo fraction
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Fermilab Booster Modeling, no rf
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- 3-D FNAL Booster
modeling, using 2™
order maps, with the
rf turned off. The
. simulation shows a 12%
Increase in transverse
emittance due to space
charge for 20% mismatch.
This agrees well with the
prediction (13%) from the
free energy model:
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Fermilab Booster Modeling, with rf
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3-D model, using 2™ order maps. Ten turns of Linac beam (200 Mhz structure) is
injected and debunched for 20 turns. The Booster rf (37.8 Mhz) is paraphased
and ramped over 200 turns to full strength bunching.
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The bunching process
Introduces a correlation
between the horizontal
(bending) plane and the
longitudinal plane.

Comparison of the predicted horizontal width the measurement obtained with the
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Booster IPM, on a turn-by-turn basis. The agreement is very good.
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