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Abstract

In order to understand the injection beam trajectory from the ion source to the RIKEN AVF cyclotron, we have
developed a unique beam trajectory calculation method taking space charge effects into consideration using four-
dimensional emittance, which is measured with a pepper-pot emittance monitor (PEM), as initial values. The feature of
our PEM is that the image of beam passing through the pepper-pot mask and emitting light by the potassium bromide
fluorescent plate tilted at 45 degrees is recorded by the digital camera. In order to evaluate our beam trajectory calculation
method and PEM's performance, we compared it with the measurement results of other diagnostics and quantified the
conformity by chi-square test. In search of the possibility of improvement of the conformity, the method of converting
the beam image to the real space is firstly improved. As a result, the angle systematic error of 5.5 mrad is removed and
the random error (RMS) about 3 mrad is reduced into 1.3 mrad. It has also been found that the conformity is improved
by optimizing the thickness of the fluorescent agent and the exposure time and gain of the digital camera.
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Figure 1: The beam injection line of the RIKEN AVF
Cyclotron. Diagnostics are shown in blue. Focusing
elements are shown in green or yellow. Dipole magnet is
shown in pink.
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Figure 2: 2D emittances measured by EM_136. (left) Image
of the (u, u’) (right) Image of the (w, w’).
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Figure 3: 2D emittance transported to the position of
EM 136 by calculation with space charge effect. (left)
Image of the (u, u’) (right) Image of the (w, w’).
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Figure 4: 2D emittance transported to the position of
EM 136 by calculation without space charge effect. (left)
Image of the (u, u’) (right) Image of the (w, w”).
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Figure 5: Examples of the comparison. The bule line
shows measurement and the red line shows the beam
trajectry calculation.. x %/DOF of left image is 0.80 and
x 2/DOF of right image is 3.86.
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Table 1: Measured Beams Used for Chi-square Test

Ton Energy(keV) | Intensity(epA) | DMI23(A)

H* 12.6 220 12
‘He?* 13.8 18,32 18
‘He? 15.4 250, 250, 270 19
‘He? 25.4 5,10 25
1806* 17.6 57 25
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Figure 6: (left) Scatter plot shows ¥2/DOFs of u and u’.
(right) Scatter plot shows ¥2/DOFs of w and w’.
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Figure 7: The schematic view of our PEM IH10. It is
composed of pepper-pot mask and fluorescent plate.
Pepper-pot mask has 0.3 mm diameter holes opened at
3mm interval. Fluorescent plate tilted 45 degrees functions
as position detector of beam passing through the pepper-
pot mask. The light emitted by fluorescent plate in the
region where beam hits is recorded by a digital camera set
perpendicular to the beam axis.
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Figure 8: Differences in distribution between fiducial
points and measured position on digital image recorded by
HDR-CX720V: x-axis (left) and y-axis (right).
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Figure 9: Differences in distribution between fiducial
points and measured position recorded by GigE camera
and CCTV lens (13VM308AS) with 250mm object
distance: x-axis (left) and y-axis (right).
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Figure 10: The front view of fluorescent plate which was
used for the test related in the chapter 3. This plate has 11
holes of Imm diameter and 4 holes of 2mm diameter as
fiducial points.
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Figure 11: Differences in distribution between fiducial
points and measured position on digital image, translated
with fiducial points composed of 15 holes in the
fluorescent plate, recorded by GigE camera and CCTV
lens (13VM308AS) with 250mm object distance: x-axis
(left) and y-axis (right).
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Figure 12: The conformity (¥2/DOF) compared with
PF_IHI11 as the thickness of KBr fluorescence agent and
the exposure time and gain of digital camera are varied.
(upper) thickness is 1.9 pm (lower) thickness is 34.6um.
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Table 2: Measured Beams for Test after Improvement

Ton Energy(keV) | Intensity(epA) | DMI23(A)
‘He? 154 124 19.1
H* 12.64 100 24.5
‘He? 154 196 19.0
‘He? 154 308 19.2
‘He** 154 187 19.2
HY 12.8 214 24.6
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Figure 13: (left) Scatter plot shows ¥2/DOFs of u and u’.
(right) Scatter plot shows ¥2/DOFs of w and w’.
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Figure 14: Scatter plot shows x2/DOFs of u and w
compared with PF_136.
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