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Abstract

At the CNS, The University of Tokyo, the experiment to measure the electric dipole moment of Francium (Fr) at the highest
measurement accuracy is underway. Fr is generated by a nuclear fusion reaction by irradiating a gold target with 1205+ 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 66 % on average when the beam intensity exceeds 10 eptA. To improve the beam
transport efficiency for high intensity ion beams, we are developing a pepper-pot emittance monitor (PEM). To evaluate the
measurement error of the PEM, beam tests were performed at the Micro Analysis Laboratory, Tandem accelerator (MALT), The
University of Tokyo. We estimated the beam trajectories from the beam distributions at three different positions on the straight
beamline, and compare the trajectories calculated using the measured emittances by PEM. As the beam angle measurement
error is affected by the distance between the fluorescent screen and the mask of PEM, we evaluated two types of the distances,
129.6 mm and 269.6 mm. It was found that the former and latter distances gave 1.3~1.7 and 0.6~0.8 mrad as beam angle
measurement errors, respectively. To reduce the measurement error and lengthen the object distance between PEM and camera
in parallel, we tried to use the camera having 2592 x 1944 pixels and a tele lens with a focal length 300 mm. The object distance

of 4.1 m was achieved. The measurement error was not improved because the distortion caused by lens system was larger.
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Figure 1: Tandem accelerator and beam lines of Micro Anal-
ysis Laboratory, Tandem accelerator (MALT), The University
of Tokyo.
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Figure 2: The location of the camera, PEM, BPM 1, and BPM2
around the beam line.
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Figure 3: The names of pieces constituting PEM.
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Figure 4: The left view is the fluorescent screen image taken
by camera with tele lens from 2.5 m away. The right view is
the transformed image by projective transform.
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Figure 5: The relationship between the displacement of trans-
formed positions with respect to designed positions.
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Figure 6: The position of mask (green) and fluorescent screen
(blue) of PEM. PEM is set between BPM1 and BPM2. The FL
of top views and bottom views are 129.6 mm and 269.6 mm,
respectively.
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Figure 7: The left view is the beam image on the fluorescent
screen and the right view is beam vector as FL is 129.6 mm.
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Figure 8: The beam distribution on the PEM mask measured
by PEM as FL is 129.6 mm.
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Figure 9: The beam distribution of BPM1 and BPM2 as FL is
129.6 mm.
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Figure 10: The left view is the beam image on the fluorescent
screen and the right view is beam vector as FL is 269.6 mm.
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Figure 11: The beam distribution on the PEM mask measured
by PEM as FL is 269.6 mm.
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Figure 12: The beam distribution of BPM1 and BPM2 as FL
is 269.6 mm.
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Figure 13: The comparison of beam distributions made after
transporting the 4-variable normal random numbers generated
using estimated o matrix with error and the PEM measurement
to the location of BPM2. The left view is the x-axis distribu-
tion, blue circles are PEM measurement and orange squares
are 4-variable normal random numbers with error. The right
view is the y-axis distribution, red circles are PEM measure-
ment and green squares are 4-variable normal random num-
bers with error. The FL of top views and bottom views are
129.6 mm and 269.6 mm, respectively.
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Figure 14: The left view is the fluorescent screen image taken
by camera with tele lens from 4.1 m away. The right view is
the transformed image by projective transform.
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Figure 15: The relationship between the displacement of

transformed positions with respect to designed positions.
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