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Project background

I Cockcroft-Waltons - first stage of acceleration of protons
(as H− ions) for Fermilab (750 keV)

I installed in ’68, becoming less reliable
I planned to be replaced by an RFQ during this shutdown
I energy, emittance, resonant frequency all have to be

matched to design parameters before installation
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Emittance

I measure of size and spread of beam
I area/π of ellipse in phase space (position x vs. angle x ′)

I εrms =
√
σ2

xσ
2
x ′ − Cov2

xx ′ (π*mm*mrad)

I α = −〈xx′〉
εrms

, β = −〈x2〉
εrms

, γ = −〈x ′2〉
εrms

I ε = γx2 + 2αxx ′ + βx ′2

I normalization for energy
I factor of γβ (relativistic)
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Emittance Probes

I slit to select position, wires at
different angles (5 mrad
resolution)

I ions hit wires, causing a voltage
I electrons can get knocked off the

wire, so bias voltage of 70 V
I voltage read out proportional to

number of ions, result in
distribution of particles

I horizontal and vertical probes
I destructive scan, and wires are

damaged by prolonged exposure
to beam, faster scans are better
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Current Measurement Method

I scans probe through
beam

I records wire
voltages, position,
beam current

I outputs to excel file,
placed online

I file imported into
Mathematica
notebook which
calculates, plots
emittance
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Modified Emittance Program

I cuts out voltages less than 10% (or other cutoff) of max to
cut out noise

I calculates means, variances, covariances of x and x ′ using
rectangular summation

I does not assume that the position step size is constant
I calculates emittance, normalized emittance, and Twiss

parameters
I calculates theoretical ellipses and overlays with contour

plot of the real beam
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Test Stand Results

I source, extractor,
one lens, toroid to
measure current

I 35 keV beam (larger
than 750 keV)
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RFQ Measurements (horizontal, 38 mA, 208 kW)
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RFQ Measurements (horizontal, 36 mA, 145 kW)
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Other Features

I allows user to mark
bad wires (bad
connections, burned
out, etc.), linearly
interpolates voltages

I can reanalyze data
without needing to
take another scan
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Other Features

I can switch between
different probes

I allows user to input
energy based on
previous
measurement

I can do a coarse
scan to find beam
position, and then a
fine scan to collect
voltage data
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Other Features

I allows user to
inspect data (raw or
interpolated/cutoff)

I is able to write out
data even if the scan
is aborted or user
forgets to mark the
option
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Summary

I installation of the RFQ depends on beam meeting energy,
power, efficiency, emittance requirements

I offline emittance analysis is inconvenient, not realtime
I heavily modified program to calculate emittance and make

plots online
I easy to use for larger emittance studies or one time scans
I using these measurements, should hear a verdict on

installation by the end of the week
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