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Abstract:

The new filter is made of many layers produced by using stereolithography.
It can yield an irradiation field where the width of the spread-out Bragg
peak is adjusted to the target.

By using the new filter and two-dimensional beam scanning, a
three-dimensional conformal field can be realized. The number of scanning
spot can be reduced to the realistic scale in the respiration-gated
irradiation technique.

FFAG accelerator has an uncontrollability to make a requi dose
deposition, because of its dose control scheme without feedback path. The
charge which is captured in the injection process of the accelerator can be
accelerated and extracted with some efficiency and some fluctuation. One
can set the maximum charge for the acceleration but the extracted charge.
To omw ‘fL'. leﬁ

Successive approxmlatmn technique can be adopted to make a required
dose deposition. For the technique, charge modulation of full, a half, 1/4,
1/8, 1/16 and 1/32 should be prepared to make an irradiation with 3%
fluctuation of uniformity. The number of the successive dose accumulation
will be 5 or 6 for one required dose irradiation. The relative error of the
charge modulation should be less than 50% for each modulation.

To realize the successive irradiation, a fast monitor of the intensity for the
pulse operation must be installed. The controller should decide the next
values of charge in a half msec for all spots making the field.
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Figure 4. Diagram of thc{_h_g__ ad ! bca;_q_thrcc-dimensional proton therapy system.
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Figure 2. Schematic draws of a block including many layers of ridge-type filt
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Figure 3, Picture of a set of the bolus and the new filter for the sphere target.
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Figure 4. Experimental result of the conformal dose distribution on a plane along the beam axis
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Experimental result of the conformal proton irradiation using
the new filter and beam scanning.
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The dotted area is the target trimmed to consider the lateral
penumbra by 1cm pencil beam.
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Fast beam scanning for gated irradiation
or irradiation in halted respiration




Beam Scanning
for Respiration Gated Irradiation
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Intensity Controllability of FFAG

(1) lon Source Slow
(2) Scraper Slow
(3) Timing structure of Injection Fast ?
(4) Extraction pulse structure ?

No Feedback Path for High Intensity
Operation



Typical Dose Rate for Proton Therapy Old PMRC (KEK Booster S)
20Hz, 50nsec Pulse
> 4x10°proton/p=3mGy/p

Broad Beam

Dose Control:
Accumulating Pulses

New PMRC
Slow Ext., 0.3Hz, 0.1s Pulse
10" proton/p=0.1Gy/p

Dose Control:
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I Pencil Beam for Scanning Stop during a pulse

i 10°proton/p=1Gy/p
Dose Control: ?

If one can not stop the irradiation during the pulse,
the intensity must be too much for proton therapy.

For Conformal Irradiation
Possibility 1 : Low Intensity Operation (mGy/p)
Controllable
Possibility 2 : High Intensity Operation (Gy/p)
How to control the dose ?



Feedback and non-Feedback Control
for Dose Deposition
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Successive dose accumulation
by charge modulation
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