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EMITTANCE MEASUREMENTS OF THE ACCEL K250
SUPERCONDUCTING MEDICAL CYCLOTRON AT
PAUL SCHERRER INSTITUTE
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The results of beam profile measurements of the proton beam of the ACCEL K250
superconducting cyclotron at the Paul Scherrer Institute are presented in this paper.
Beam emittances in both horizontal and vertical planes are estimated by the varying

quadrupole method.
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INTRODUCTION

ACCEL Instruments GmbH has delivered a
superconducting cyclotron designed for treating
cancer with protons. The ACCEL K250 supercon-
ducting cyclotron [1, 2] is based on a conceptual de-
sign of the National Superconducting Cyclotron
Laboratory. As an essential part of Paul Scherrer In-
stitute’s project (PROSCAN), it is meant to substi-
tute an existing machine and facilitate further devel-
opments in the field of cancer treatment.

Efficient operation of complex accelerators
depends on the measurements of relevant beam pa-
rameters such as: beam profile (the intensity of the
distribution over both transverse coordinates),
beam current, beam position, beam energy, energy
spread and beam emittances (in transversal and lon-
gitudinal phase space).

As the above mentioned list suggests, beam
profile and beam emittance are the principal param-
eters which have to be measured.

Since beam emittance is a measure of both the
beam size and of beam divergence, its value cannot
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be measured directly. But, if beam size is measured at
different locations or under different focusing condi-
tions, so that different parts of the phase space ellipse
are probed by the beam size monitor, it is possible to
determine its value. There are different methods
available when emittance measurements are con-
cerned. In this case, we will be focusing our attention
on the varying quadrupole setting method, 2. €. emit-
tance measurements that can be performed by deter-
mining profile variations in the considered plane, vs.
settings of a preceding optical element [3].

There are several possible methods of measur-
ing beam profile. The most frequently used ones in-
volve profile grids (harps) and the ionization of re-
sidual gas.

Aharp intercepts barely 5% of the beam’s par-
ticles, yet many experiments are extremely sensitive
to these small distortions. A non-interceptive beam
profile monitor has also been developed. Its charac-
teristics have been studied previously [4, 5].

In our experiment, we have used a residual
beam profile monitor (RG-BPM) for the measure-
ment of beam profile.

The RG-BPM uses ions that are created by
beam particles traversing the residual gas in beam
tubes. The said ions are extracted from the beam tube
with a homogeneous electric field and drifted to-
wards a pair of micro channel plates (MCP’s) acting
as a charge multiplier. The electrons generated in the
MCP’s are collected on strips parallel to the beam, so
that a position sensitive readout is obtained in a di-
rection perpendicular to the beam. By varying the
amplification of the MCP’s, signal magnitude can be
changed, so that a large dynamic range is achieved.
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It can be shown that MCP’s should operate with
an amplification larger than 4 -10* for a 200 MeV
proton beam of 1 nA traversing a residual gas of
107-107° mbar (1 bar = 10° Pa) [4]. The produced
ions (about 135 s7! em™) will then give a final signal
current of at least 1 pA. Since the amplification factor
of MCP’s can be set from 1 to 109, this current can be
measured quite easily.

The beam profile monitor using the ioniza-
tion of the residual gas is suitable for all beams, espe-
cially those of low intensities. The advantage of such
a non-interceptive beam profile measurement is
that the amount of neutron and gamma radiation
created during the measurements is minimized.
This may be very important for some nuclear exper-
iments.

The accuracy of beam positioning with the
RG-BPM is approximately 0.3 mm [4].

RESULTS

The proton beam current extracted by the
K250 cyclotron is around 200 nA, but the design
value amounts to 500 nA. To improve the transmis-
sion of the beam during its acceleration (through
the cyclotron), beam emittance should be known.
The beam profile is measured in both horizontal
and vertical planes by using the RG-BPM, one for
each plane. For each of them, the beam profile is
measured as a function of the strength of an up-
stream magnetic quadrupole. The RG-BPM for
horizontal/vertical beam profile measurements are
located 20/30 cm downstream from the magnetic
quadrupole.

The kinetic energy (7}) of the proton beam to-
tals 250 MeV, the length of the magnetic
quadrupole 20 cm, and its half aperture 5 cm.
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Figure 1. Square of the horizontal beam size vs.
strength of the quadrupole 20 cm upstream from the
measurement point. The points are experimental data
and the dashed line is the best fit curvature
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Figure 2. Square of the vertical beam size vs. strength
of the quadrupole 30 cm upstream from the measure-
ment point. The points are experimental data and the
dashed line is the best fit curvature

Data from the RG-BPM are acquired, digi-
tized and processed by the Control System. The
beam profile for each of the settings of the corre-
sponding quadrupole is measured either in the
horizontal or vertical plane. Then each beam
profile is fitted as the Gauss distribution [3]. The
estimated values for the emittances and their cor-
responding errors are: &, = 7+ 1 n mm mrad, and
&y =9+ 11 mm mrad.

We have considered the case when the half
beam profile equals 2.35 og1, where ogr is the stan-
dard deviation of the Gauss distribution.

In fig. 1 and 2, the dependence of the proton
beam profile in horizontal (fig. 1) and vertical (fig.
2) planes on quadropole strength is shown.

CONCLUSION

The design values for beam emittances in both
horizontal and vertical planes are 3 m mm mrad.
Thus, further studies focused on the optimization
of the machine’s parameters (position and size of
the first slit, the balance of dee voltages [2], position
of extracted elements) should be aimed at the im-
provement of the transmission of the beam through
the machine.
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HOparan TOITPEK

MEPEILE EMUTAHCE IIPOTOHCKOI' CHOITIA
N3 ACCEL K250 CYIIEPITPOBOJHOI MENUIIMHCKOI' IUKJIOTPOHA
Y MAYJI MEPEP MHCTUTYTY Y HNIBAJIHAPCKOJ

Y 0oBOM pajy IprUKa3aHu cy pe3yiTaTi Mepewa npoguna nporoHckor cHona n3 ACCEL-oBor
K250 cynepnpoBonnor nukinorpona y [layn Illepep wuucTuTyry. EmuTance cHoma y obe paBHH,
XOPU30HTAJIHO] U BEPTUKAJIHO] IPOLIEHEHE Cy METOIOM IIPOMEHE CTPYje KBafipynoJa.

Kwyune peuu: emuitianca, YuKAOMWPOH, UPOULOHCKU CHOUL



