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Background and Aims

It is highly desirable that proton therapy facilities plan and deliver treatments based on consistent as-
sumptions and datasets. The control of longitudinal range, as determined by beam kinetic energy, is a
key concern. Clinicians in fact have no direct interest in beam energy as such; their concern is the
dose curve in water resulting from a particular machine setting. This is the information used by the
treatment planning system. Measurement of the dose curve requires a water tank and ionization
chamber system which requires some expertise to use, and is not well-suited for transportation be-
tween facilities.

The multi-layer Faraday collector (MLFC) developed by Gottschalk [1] is by comparison compact and
robust. Rather than measuring the depth-dose curve, it measures the charge deposition as a function
of depth, which is also monotonic with beam energy. We describe a scheme now underway to estab-
lish a population of well-characterised and cross-calibrated MLFCs which can be provided to different
facilities. A simple protocol will gather the cross-reference data in a few minutes. Monte-Carlo calcu-
lations using Topas [2,3], are used to illustrate the relationship between MLFC response and range in
water, and to allow the device to make absolute beam energy and energy spread measurements.

In this presentation we show measured data that
support the use of the MLFC as a stable and con-
venient standard for comparing the performance
of a proton therapy system over time.

MLFC assembly cut away to show 128 layers
of OFHC copper and readout connection
boards. The device weighs 5.6 kg and is about
12 cm in all axes. It becomes activated after a
period of use, but the radiation typically decays
sufficiently overnight such that it can be trans-
ported.

MLFC spectra related to dose distribution in water

The MLFC measures stopping of ions in a material (pure copper for example) that is highly stable and
consistent, but is not directly interesting for proton therapy. However we can relate the MLFC peak po-

sition measured in layers to the dose/depth curve in water, and therefore establish the MLFC as a con-
venient and precise transfer standard.

Absolute beam energy accuracy

In principle the MLFC allows an ab-initio direct measurement of proton energy, using only the docu-
mented stopping power in the material and careful control of the construction. The following results
compare measured spectra taken on two MLFCs for proton energies 70 to 250 MeV taken on a syn-
chrotron system, with a Topas calculation for the nominal MLFC geometry and corresponding energies
after degradation in the nozzle and air path.
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For better absolute accuracy, we can model the actual measured weights and dimensions of a specific
MLFC. The following results compare measured MLFC spectra taken on a cyclotron system with a
customized Topas calculation for the actual MLFC geometry. The measurements took a few seconds
per energy, considerably less time than the Monte-Carlo calculations.
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Beam energy consistency testing

It is not necessary to have the MLFC calibrated to use it for the basic task of doing QA testing of the en-
ergy reproducibility of a particular system. The device simply has to be stable in the long term, which is
a reasonable assumption given its monolithic construction and lack of temperature or pressure depend-
ence.

The results shown below were taken two weeks apart at the Francis H Burr Proton Therapy Center at
Massachusetts General Hospital. The table shows the fitted layer number of the MLFC spectrum peak
at five isocenter energies delivered by the accelerator. Two devices (#8 and #9) with nominally identi-
cal build were tested on the first date, and one of them was also tested with two different sets of readout
electronics. Two weeks later unit #9 was tested again with the same beam energies.

MLFC serial |MLFC #8 MLFC #9 MLFC #9
Date| 6-Apr-2016| 6-Apr-2016 22-Apr-2016
Electrometer |Elec 1 Elec 1 Elec 2 Elec 1
Beam energy (MeV)

115.52 32.67 32.60 32.59 32.71
145.23 48.15 48.07 48.06 48.20
171.42 63.88 63.78 63.77 63.88
194.59 79.22 79.11 79.08 79.19
220.78 97.62 97.50 97.48 97.64

On the later date some errors were being observed in the energy selector field readback of the ma-
chine, but the reproducibility of the MLFC result provided good confidence that the beam energy was
not in fact changed by any significant amount.

Energy spread determination

The peak widths in the MLFC spectrum are the convolution of the natural longitudinal range straggling
and the actual energy spread of the beam. A Monte-Carlo calculation with a monoenergetic beam is
used to provide the longitudinal straggling component, then the energy spread values in the measured
data can be extracted by assuming they are uncorrelated with the straggling and add in quadrature.
The spread in the MGH system as a function of energy had previously been characterized using the
Golden dataset [4] and spectrometric measurements [5]. The MLFC result compared very well in both
absolute value and in the overall shape of the curve.
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Further work

A set of cross-related MLFCs will now be made available to various centers to allow beam energies
and ranges in water to be compared using a convenient transfer device.

A lower-energy version (50 to 125 MeV protons) has been built and is being tested. This gives better
resolution at these lower energies, and is primarily intended to assist system builders as they develop
new machines.
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