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Abstract

Heavy ion radiotherapy achieves high QOL and excellent tumor control even for radio-resistant tumors. QST-NIRS
has developed a next generation heavy ion radiotherapy device that reduces the cost and size of this device and further
improves tumor control, and it is called quantum scalpel. The quantum scalpel consists of a laser driven ion accelerator
as an injector and a superconducting synchrotron and a rotational gantry. The synchrotron can be installed in a room of
10 m square using a 4T combined function superconducting magnets. The rotating gantry transports the beam with
superconducting magnets and irradiates multiple ion beams to achieve the high LET field. We report on the current state

of the overall design of this quantum scalpel.
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Figure 1: History of R&D towards miniaturization of
heavy ion radiotherapy facility.
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Figure 2: Rotational gantry for heavy ion radiotherapy at
NIRS and the superconducting magnets.

Table 1: Characteristics of Superconducting Magnets
PR FEAETRILE— [MeV/u] 430
s [T 4

BRI [deg] 45x2 A

A28 [m] 1.66

RIS [T) 4.0

Bt [A] 437.5

7 (10sec) [V] 137.8
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Figure 3: Operation pattern of synchrotron that extracted
ion beam while changing beam energy.
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Figure 4: Layout of superconducting synchrotron for
heavy ion radiotherapy and the beam optics design.
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Figure 5: Schematic view of laser driven ion accelerator.
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Figure 6: Schematic view of the beam transport line for
laser driven accelerated ions.
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Figure 7: Biological dose Distribution (left) and LET
distribution (right) in the case of pancreatic cancer with
carbon only (top) and with helium, carbon, oxygen
(bottom).

Pt
||‘”!‘il ot
23833 4
) 44444 .
5“ DOODOeE
-%OOOOOOOJ- t
DO OCO0OO000
DLOOOOOY
PELEO0
AFr=> (
BHE

-

Figure 8: Schematic view of multi-ion irradiation.
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Figure 9: Measurement of beam current from ECR ion
source using mixed gas of carbon dioxide and helium [7].
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Figure 10: Ion species change of carbon ion and neon ion
in synchrotron operation [8].
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