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Abstract

A new beam transport and a irradiation system were designed for radionuclides production with heat damageable
targets. The incident beam is swept along a circle on the irradiation target with fast steering magnets. The width and the
sweeping radius of the incident beams were optimized to achieve high production efficiency and avoid the heat damages.
Based on those optimized parameters, beam optics of the new beam transport lines was optimized. To obtain initial
conditions for the optical calculations, the beam emittance and the Twiss parameters were measured at the upper stream
of the new beam transport lines. In this paper, we present the results of the calculations and the optimized beam transport

lines.
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Figure 1: NIRS cyclotron facility.
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Figure 2: Layout of the beam transport line from the NIRS
930 cyclotron. BM1 and BM2 are the horizontal 2.5-degree
dipole magnet and the vertical 90-degree dipole magnet,
respectively.
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Figure 3: Irradiation field formation using fast combined
steering magnets.
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Figure 4: Contour map showing the irradiation efficiency
€beam (black/white) and the current density of the incident
beam ie,m (turquoise/green/orange).
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Figure 5: Beam profile for (0heam Toffset) = (4 mm, 9 mm).
Beam profiles for rogset = 5 and 7 mm are also plotted as a
reference.
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Figure 6: Fitting result of Q-scan measurement for hori-
zontal Twiss parameters.
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Figure 7: Horizontal and vertical dispersion functions for
the new beam transport.

Table 1: Results of Twiss parameter and emittance mea-
surements. Measurements were performed for 30-MeV
proton beams.

Twiss parameters
at the entrance of B.T.

20 emittance of
30-MeV proton

«@ 3 (m) € (w mm mrad)
Horizontal —8.2 11.9 15.2
Vertical —2.7 8.7 12.7
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Figure 8: Horizontal and vertical envelope functions with
kicks produced by the fast combined steering magnets. The
kicked beam axis is shown with a broken line. The kick
angle is € ~ 3 mrad.

7 ALEIZE T % E— LIPIRI Fig. 4 TED 75
vy F LTS I EDERTE 2 M

4. HEH

30mm DY =4y Ry 7 A EIERL S\ NaBH, ¥ —
7y kR WU AR oI, AFTY Y
I %y bEAWEZREY AT L LRI NS RS
WL Eoic, ZORMHZ2ERT 2 5ICHE
Y= L. st ko, 0/11C
MR EsfFcE 3, X hIEELREY—2o v
g — BB DD, E—LFIF v AR—FA
DEODT 4 A= a VEABOWEEZ FELTw5

SE 3R

[1] T. Honma, et al., Proc. 18th Int. Conf. on Cyclotrons and their
Applications 2007, Oct. 1-15, 2007, Giardini Naxos, Italy,
p137-139.

[2] S. Hojo, et al., in these proceedings.

[3] K. Katagiri, K. Nagatsu, et al., Rev. Sci. Instrum. 85 (2014)
02C305-1.

[4] K. Katagiri, et al., Proc. IPAC2014, 2014, p. 2162.

[5] W.T. Chu, S.B. Curtis, et al., IEEE Trans. Nucl. Sci 32 (1985)
3321.

[6] M. Seidel, CERN Yellow Reports 2013-001 (2000) 17.
[7] M. Nakao, et al., in these proceedings.

- 1362 -



