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Abstract

Control of the beam size and position for three-dimensional pencil-beam scanning is important. We have developed a
simple procedure for the optimization of the optical parameters and the beam alignment. Verification of the beam optics
is performed by the measured beam size and variation of the beam positon along the beam transfer line. Optimization of
the beam optics is performed with the measured optical parameters at the extraction point. After the optimization,
beamline tuning is performed with steering magnet and fluorescent screen. The misalignment between the beam position
and reference axis in the treatment room is checked by the verification system, which consists of the screen monitor and
an acrylic phantom. If the beam position is deviated from the reference axis, two pairs of steering magnets that are placed
downstream of the beam transport line will correct the beam. These adjustments are iterated until the deviations for 11
energies of the beam are within 0.5 mm of the reference axis. To indicate the success of our procedure, we performed
experiment at the Kanagawa Cancer Center using our procedure.
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Figure 1: Layout of the accelerator system at the
Kanagawa Cancer Center.

Figure 2 (ZBHFE LIk B FIEDOT7 0 —F v —hoR
T, INFETIE, oy bR SNAE —AD T
FNX—ZEEL, BETAL DO —LLEOT N

- 1254 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

YR BIB O MEE AT > TV R E DT~ T-, 2B
BEE D RRERE FE DIRSIZ XD Y ARG A=K % i K
\CHREET A2 LN TERD T, KFETIE, HE AT
DHHEBOTHEHOSNCDIRE LA T T 7 A%
BEAEL., B o —MMIEOEE N Kb /NS
LDEMERRTHIET, m BB OBGEETTY, TS
FoE —ALEIE, (DHROIIE — 2D ETEDZE
BEHA R TOE — LD AEDOEEN(A0) KT T D,
ZDIHOARFIETIE, ETHHAOEEKF LN
IR DG OB EATV, Z D% OR
FEEAT,

Ax = D(s) A_p + 40 /By fs sin(Ap) 1)

@;ofocmﬁféﬁotﬁé LD SCN THRIEL-
B — A A X5, BB ISR DY A ARG A=k
IV H S ADRRFEEAT),

f Verification of transfer matrix ]
‘ 1

( Adjustment of phase advance ]
L 1 J
' Optimization for doubly achromatic beam ‘
L 1 J
f Verification of designed optical parameter ]
. 1 )
[ Optimization of beam optics in transfer line ]
L 1 J
: Verification of beam alignment )

Figure 2: Flow chart of verification and optimization of
beam optics.
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Figure 3: Verification of the transport matrix(a) and
dispersion function(b).
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Figure 4: Verification of the twiss parameter and
emittance.
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Figure 5: Beam spot image before (a) and after (b)
beamline tuning.
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Measurement Results at 2HC
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Figure 6: Measurement results of the beam misalignment.
Horizontal (a) and vertical (b) misalignments at 2HC
before correction (open circles) and after correction (filled
circles).
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