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Dark Current Origins

Unintended movement of electrons through an accelerator

Originates through field emission, the release of charged
particles from a surface due to a local electromagnetic field

Apply Fowler-Nordheim model to niobium

IFN = 3.85 · 10−7 · AFN

·(βFN · E )2 · exp(
−5.464 · 1010

βFN · E
)

AFN: effective emitter area
βFN: field enhancement factor

Results from unclean or rough surfaces, or cavity geometries
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ERL Linac

Linac A: 35 cryomodules; Linac B: 29 cryomodules

Cyromodule: 6 cavities, quadrupoles, pipes, and instruments

Cavity: 1 meter long, 7 cells
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ERL Linac

Irises have high local electromagnetic fields, making them
likely field emitters

Time-dependent RF fields add a phase variable which requires
simulation to analyze thoroughly
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Bmad: Old Capabilities

Developed at Cornell, 1996, by Dave Sagan

Subroutine library written in Fortran90, used to simulate
particles in accelerators and storage rings

Optimized for beam simulations

S-based tracking
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Bmad: Old Capabilities

Developed at Cornell, 1996, by Dave Sagan

Subroutine library written in Fortran90, used to simulate
particles in accelerators and storage rings

Optimized for beam simulations

Sequential lattice elements
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Dark Current Simulation

1 Make cavity wall

2 Place particles on cavity wall

Number of particles per cavity (evenly spaced)
Number of phases (evenly spaced over RF period)
Particles are given random angle about the cavity axis of
symmetry
Given a weighted charge according to Fowler-Nordheim and
distance from center axis
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Dark Current Simulation

3 Track particles through linac until they hit

4 Output: Dark current destination, final energy, angle of
impact, and weighted charge
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Simulation Methodology

Time-based tracking: iterate over time steps rather than
distance steps

Coordinate systems: switch between global coordinate system
and element coordinate system for tracking

Querying EM fields: 2D grid of EM field data points, rotated
around center axis. Tracker queries for the field at a point,
and we interpolate the grid data to get the field
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Simulation Methodology

Runge-Kutta: numerical integration method used to
approximate each particle’s motion through the EM fields

Rootfinding: use a rootfinder to find the exact point of impact
or exit

Walls: create wall elements defined by cross sections, then use
these cross sections to determine whether particle has hit a
wall
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Simulation Methodology

Runge-Kutta: numerical integration method used to
approximate each particle’s motion through the EM fields

Rootfinding: use a rootfinder to find the exact point of impact
or exit

Walls: create wall elements defined by cross sections, then use
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wall
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Preliminary Results

cyromodule: 50 particles/cavity, 50 phases (15,000 total)

Colored by phase
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Preliminary Results

cyromodule: 50 particles/cavity, 200 phases (60,000 total)

Colored by energy (red low)
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Preliminary Results

Linac A: 50 particles/cavity, 100 phases each (1,050,000 total)

Average over a cryomodule
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Preliminary Results

Linac A: 50 particles/cavity, 100 phases each (1,050,000 total)
Average over a cryomodule
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Preliminary Results

Linac A: 50 particles/cavity, 100 phases each (1,050,000 total)

Average over a cryomodule
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Simulation Limitations

Neglect effect of particle beam on electromagnetic fields

Neglect Coulomb forces between dark current particles

Geometries: currently all elements are perfectly symmetric

Dipole and undulator geometry untested
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Future Work

Account for previously discussed limitations

Simulation assessment

Simulation optimization

Dark current simulation for entire ERL

Run simulation with probability distributions for AFN and βFN

Data analysis
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