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Abstract

The Quantum Scalpel project is carried in QST with the aim of downsizing the heavy-ion radiotherapy equipment by
use of superconductive technology and laser ion acceleration technology. Feasibility study on a direct injection into a
synchrotron of laser-accelerated ions was performed. In this report, a new beam transport was designed for the last fourth-
generation superconducting synchrotron and the number of captured ions finally in the synchrotron per shot was examined
by using the beam trajectory simulation with considerations for the space charge effect, the ion energy spread and the
fluctuation of the produced ion number. As a result, the captured ion number was 65~70 % of the extracted ions from the
produced ions. The main cause of the particle-loss was thought as transverse mismatch by the space charge effect in

circulation of ions in the synchrotron.
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Figure 1: Schematic diagram of the beam transport.
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Table 1: Parameters of Laser Accelerated lons Using
Simulation
Produced Ion Number 8
(Median Value) 1x10" /10%b.w./msr
(having Fluctuation of Factor 0.5 to 2 with Equal Event
Probability)
Beam Energy 4 MeV/u+ 6%
Extraction Solid Angle 1.9 msr (= 24.6 mrad)
Beam Radius at Production Point  [0.03 mm

Emittance (& = &) 0.75 tmm mrad
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Figure 2: Conceptual diagram of beam extraction from
laser accelerated ions.
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Figure 3: View of the superconducting synchrotron and the
bean transport.

Table 2: Major Specifications of Superconducting
Synchrotron

Dipole field 0.3~3.5T

Larmour radius 1.889 m

Circumference 28.88 m

Tune vx ~1.72

Tune vy ~1.44

Acceptance gx 200 rmm mrad

Acceptance gy 30 tmm mrad
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Table 3: Beam Parameters at Synchrotron Injection Point

Pulse Width 5.4 ns
Beam Length 015m
Beam Energy 4 MeV/u+0.6 %
Ton Species c*
Injection Rate 10 Hz
*Elongating by Velocity Spread along with Circulation

1 NSRBIV BEHEINDAAHIE, 108 DA —
H—=THY, v r/ubn BT NEOH DAL
UL 10° DA —H —L | HIFREE @72 B shot DA
ALl QOB R DD, ZDT20 i 1 —% F
W EBI AR EIRELT-[4], ZOM&X % Fig. 4 12
IR, BEORWERIE —AZBOH L, BEO W
E— 2% AR T AZETELERIAFZEHL TN,

FEEOBVLE—LE EEDEVNE—LE

Fyh—TAHTS Fyh—TIETH
T (Fvh—D8LRiE)
Fuh—
AEE—L— D —
vvyakny T

Figure 4: Conceptual diagram of multi-turn injection.
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Figure 5: Time variation of the kicker magnet and transit
time of the beam.
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Figure 6: Beam shapes at the injection point into the
synchrotron with consideration for time variant of the
kicker magnet when produced ion number is

1.0x108 /10%b.w./msr.
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Figure 7: Beam shapes at the injection point into the
synchrotron without consideration for time variant of the
kicker magnet when produced ion number is
1.0x10% /10%b.w./mstr.
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Table 4: Ratios of Injected and Captured Ion Numbers to
Extracted Ion Number
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Figure 8: Simulation results of captured and injected ion
numbers for each produced ion number.
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Figure 9: Dependence of the rate of survival ions on
number of turns with consideration (left) and without
consideration (right) for the space charge effect, in the case
that produced ion number is 1.0x10% /10%b.w./msr.
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Figure 10: Electric field strength by space charge effect and
quadrupole magnetic field in the first turn after the
injection.

4. 2ooabArAOERMFHOKEE

RELT-ZERIASFTZHNCARHEI T 5A
DA=INE P o Iy gWaY A= 4l L’DU"C@‘TTé 7\
SHIREREIE 2 B, ASFIEIENT 20 [R1E L7z, 2.2 HiCalk~7z
FOIZ, 20 BIOZHEIAKNZITHE 1 BOFHIRLFE D
128 15K TR BRSNS, %’uééﬂu%a)/v‘/ﬂ%%
L. ol —RG N EREOSGE LB DS EIC
DWTTERRL A RO, if_\ TR RIS
TEEZZDHE Yy FANZHOWTIE, ZIvH AR
15~20 nmm mrad LA FE2R08 — A0ME I TE5, y i)
DFFRTIV B R/ T A= Z LU CERRL 55 K
7o, % Table 5 (2”7,

Table 5: Stored Ion Numbers by Multi-turn Injections
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