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Control of beam trajectory is essential in particle accelerators.

The trajectory of a beam is

sensitive to various types of imperfections that cause it to deviate from its desired path along the

accelerator.

Orbit correction is hence fundamental for the control of beam trajectory.

In this

work we aim demonstrate orbit correction using singular value decomposition techniques applied to
distorted orbits generated in the CBETA-V Virtual Machine. In particular we present two concrete
examples of such correction in different sections of the CBETA Fractional Arc Test layout. Our goal
is to construct the backbone of an orbit correction software toolkit to be tested in the CBETA-V
Virtual Machine and eventually implemented in the completed CBETA crontrol system.

I. INTRODUCTION
A. CBETA Machine

The Cornell Brookhaven-National-Laboratory Energy-
Recovery-Linac Test Accelerator (CBETA) is a particle
accelerator being built at Cornell University that will
serve to test several accelerator physics concepts relevant
to development of the electron and Relativistic Heavy Ion
Collider (eRHIC) at Brookhaven National Lab, as well as
to the Energy Recovery Linac (ERL) community in gen-
eral.

Linacs offer the advantage of producing beam whose
quality is still roughly determined at the beam’s source,
as opposed to rings, where the beam quality is deter-
mined by an equilibrium distribution set by the ring’s
magnets. The drawback of a conventional linac approach
includes their tendency to be wasteful due to their dis-
carding of beams right after use and their creation of low
average beam currents. The goal of CBETA, as an en-
ergy recovery linac (ERL), is to attempt to resolve both
of these issues by: after the beam goes through the main
accelerating cryomodule, a return loop utilizing a Non-
scaling Fixed Field Alternating Gradient magnet design
will direct the beam in a circular path back to the cry-
omodule where it will deliver its energy back to the SRF
cavities, making the energy available for new beams.

In CBETA, this process starts in the in the DC Gun
section, as seen in Fig. 1. By shining a laser onto a pho-
tocathode, electrons are ejected from the material and
given an initial acceleration up to 300 keV. These elec-
trons are then molded through the buncher section into
an electron beam which then passes through the Injec-
tor Cryomodule (ICM) where the electron beam gains an
initial 6MeV of energy due to the series of five two-cell su-
perconducting radiofrequency (SRF) cavities. The beam
is then sent through the Merger section in to the Main
Linac Cryomodule (MLC), which consists of six SRF cav-
ities, each of which can add up to an additional 6 MeV
of energy to the beam. The beam is then passed into

the low energy Splitter line which serves to provide the
necessary matching into the first permanent magnet arc
girder of the curved return loop comprised of Fixed Field
Alternating Gradient (FFAG) magnets, shown in Fig. 2.
The novelty of CBETA is that it will be the first energy
recovery accelerator to control different-energy beams in
the same structure relying on superconducting accelerat-
ing cavities and FFAG magnets in the return loop. To
test the progress in construction made thus far, CBETA
underwent the Fractional Arc Test (FAT) in the spring
of 2018 with the purpose of testing a 42 MeV electron
beam starting from the injector through the MLC all the
way to the FA section.

B. CBETA-V Virtual Machine

The CBETA-V Virtual Machine (VM) is an online
model of the CBETA machine. It is a combination of
open-source simulation packages written in Python and
Fortran. It is based on BMAD, a subroutine library
for charged-particle dynamics simulations in accelerators
and storage rings [2], as well as TAO, an analysis sim-
ulation program based on BMAD which includes tools
to solve problems such as designing lattices under spec-
ified constraints, simulating errors and changes in ma-
chine parameters, and simulate machine commissioning
[3]. When the VM is started, it creates a copy of the
CBETA EPICS control system, thereupon allowing one
to control the elements of the simulated accelerator in the
same way one would control the elements of the CBETA
machine, i.e. the same command is used to change the
strength of an element in the VM as it is to change it
in the physical machine. The CBETA-V VM is of high
importance to the CBETA project because of its ability
to produce simulated physics data of real measurement
scripts and to debug such scripts for use in either the vir-
tual or real machine. During FAT, the virtual machine
underwent preliminary testing. Several capabilities are
yet to be added to the CBETA-V VM. This paper deals
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Figure 1. Layout of the injector and linac sections of the FAT experiment. The beam begins in the gun section (A1), has initial
acceleration to 6 MeV in the Injector Cryomodule (A2), and is then merged into the Main Linac Cryomodule (B1, D1) [1].
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Figure 2. Layout of the post linac section of the FAT experiment. Beam exits the linac and enters the S1 splitter line at the
bottom right and proceeds to the fractional FA arc (top right) [1].



