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Abstract

© Center for Nuclear Study, the University of Tokyo

The RIKEN AVF cyclotron started its operation in 1989. Since then, it has been used not only as an injector of the
RIKEN ring cyclotron but also as an supplier of various ion beams directly to users in its stand-alone operations. In this
report, we describe both the operational status and improvement works performed in this year (August 2016-July 2017)

aiming at increasing accelerating ability of the AVF cyclotron.
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Figure 1: Schematic layout of RIBF at RIKEN Nishina
Center.
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-- Accelerated beam list (Aug. 2016 ~ Jul. 2017) --
-- AVF stand alone -- -- Supply to RRC --

1:p, 12.0 MeV 11:7Li2+, 5.01 MeV/u 20: 12C4, 7.00 MeV/u

2:p, 14.0 MeV 12:7Li2+, 5.60 MeV/u 21: 1806+, 4.51 MeV/u
3:p, 20.0 MeV 13: 1605+, 8.00 MeV/u 22: 22Ne™, 3.97 MeV/u
4:p, 30.0 MeV 14: 1806+, 6.07 MeV/u 23: 40Ar1+, 3.75 MeV/u

5:2H+ 12.0 MeV/u
6: H’, 12.0 MeV/u
7:¢,%.50 MeViu
8:a,7.18 MeV/u
9:a, 7.25 MeV/u
10: a, 12.5 MeV/iu

15: 19F7+, 6.77 MeV/u

16: 2Ne%+, 3.97 MeV/u
17:22Ne™+, 5.96 MeV/u
18: 26Mgs+, 6.60 MeV/u
19: %6Fe'5+, 5.01 MeV/u
Bold italic: 1t beam (first acceleration experience in AVF)

24: 40Ar11+, 519 MeV/u
25: 56Fe’5+, 5.01 MeV/u
26: 84Kr20+, 3.97 MeV/u
27: 8Rb20+, 3.78 MeV/u

Figure 2: Energy-mass map of AVF.
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Figure 3: Overview of AVF cyclotron with 3 ion sources,
3 experimental courses, and beam transport line to RRC.
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Figure 4: Beam service time of AVF operation as injector
of RRC.
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Figure 5: Beam service time of AVF stand-alone operation.
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Figure 6: AVF energies by calculation and measurement.
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Figure 7: Correlation between beam stability and cooling
water temperature of AVF. See text for more detail.
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Table 1: Beam Current of AVF for Light Mass lon
Produced from Hyper-ECR

Ion Injection current [uA] Injection efficiency [%] Extraction current [pA]

p 278 36 22
’H 310 29 24
a 430 36 30

plasma electrode

I—ground electrode Einzel lens
5= e
L emittance
measurement
0 20 40 60
\ L2200

object point of magnetic analyzer

Figure 8: Trajectory of proton beam in the strong-focusing
extraction system of Hyper-ECR.
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Figure 9: Emittance of proton beam from Hyper-ECR.
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Figure 10: Existing and tested geometries of the central
region. The shaded area indicates the existing geometry.

Table 2: Summary of Acceleration Test using Modified
Central Region

Ion Energy [MeV/u] RF[MHz] H 136 [pA] CO1[pnA] CO01/136 [%]

p 14 23 2 9% 143 16
H; 12 2125 2 57 96 17
2Ne™ 6 1505 2 42 75 18
2Nes 4 123 2 115 2 17
p 20 136 1 76 10 13
p 30 165 1 116 11 1
et 5 138 2 12 0.12 10
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Figure 11: Discharge damage of a) contact fingers and b)
the inner conductor in the resonator for #1 cavity of AVF.
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Figure 12: Calculation of dee voltage using measured
pickup ratio. See text for more detail.
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Figure 13: Fixing work of mounting dimension of dee
electrode #1.
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