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Abstract

At the Center for Nuclear Study, a high-intensity Francium (Fr) generation experiment aiming at the highest measure-
ment accuracy of the electric dipole moment is underway. Fr is generated by a nuclear fusion reaction by irradiating a
gold target with 1808+ beam accelerated to 7 MeV/u by the RIKEN AVF Cyclotron. To achieve the accuracy, a beam
intensity of 3 puA or higher is required . However, the beam transport efficiency is as low as 66 % on average when
the beam intensity exceeds 10 epA. To solve the problem, we planned to improve the beam transport efficiency for high
intensity ion beams and are developing a pepper-pot emittance monitor (PEM). With reference to the PEM used for
injection beam of AVF cyclotron, we have developed three additional items. The first is to place the camera away from
the beamline to reduce radiation damage. The distance between the camera and the PEM is 2.2 m, and the image position
accuracy is 0.15 mm. The second is to achieve the angular accuracy suitable for the ion beam accelerated by the RIKEN
AVF cyclotron. The necessary angular accuracy is estimated to be at least 0.3 mrad. A beam test is planned to evaluate
the first and second items. The third is a beam shutter system to suppress heating of the PEM by the ion beam. In the test

of the controle system, the PEM measurement time comes to be 0.27 second.
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Figure 1: AVF Cyclotron and beamlines to the experiment
devices. EM_CO1 is shown in the right.
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Figure 2: The image of the developed PEM.
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Figure 3: The image taked by camera with tele lens from
2m away. The left view is without intermeditate lens and
the right view is with intermeditate lens.
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Figure 4: The relationship between the displacement of
transformed positions with respect to designed positions.
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Figure 5: The schematic view of beam line to C03.
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Figure 6: The measured phase space of 'F"* ion beam
(energy 6.68 MeV/u, intensity 5 euA).
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Figure 7: The dashed line represents reconstructed beam
distribution at the same place as PF_C03 by transporting
the beam components measured by EM_CO1. The solid
line represents the measured beam distribution of PF_CO03.
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Figure 8: The measured beam distribution. Top view is
PF_EM. Bottom view is PF_C02.

Table 1: o Matrix Calculated from the Measured PF_EM,
PF_C02, and PF_C03 Supposing SDx of PF_EM Is 8.0 mm

o11 021 022 033 043 044
PF.EEM  64.0 6746 7120 7.84 147  0.56
PF_.C02 3136 -845 248 23.04 -587 1.59
PF_.C03 256 -0.33 248 1.69 -0.65 1.59
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Figure 9: The beam distribution reconstructed at the po-
sition of PF_C0O3 by the transported particles containing
0.3 mm PF_EM error.
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Figure 10: The beam envelopes applying Eq. (3) as ini-
tial values by TRANSPORT for 017 and o33 to be around
1 mm at the EDM Target.
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Figure 11: The relationship between angular errors (mrad)
of an emittance monitor and the calculated SD of beam
position distribution at the EDM Target.
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Figure 12: The position distribution of the particles go-
ing through holes on the fluorescent plate located 441 mm
behind the mask of PEM. The diameter of every hole is
0.3 mm. The distance between each hole is 2 mm.
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Figure 13: The diagram of the beam shutter system.
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Figure 14: The operating time the beam shutter system
measured by oscilloscope.
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