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Revaluation of beam orbit calculation method for the injection line of
AVF cyclotron after tuning pepper-pot emittance monitor

Y. Kotaka,∗1 Y. Ohshiro,∗1 H. Yamaguchi,∗1 N. Imai,∗1 Y. Sakemi,∗1 T. Nagatomo,∗2 T. Nakagawa,∗2 M. Kase,∗2
J. Ohnishi,∗2 A. Goto,∗2 K. Hatanaka,∗3 H. Muto,∗4 and S. Shimoura∗1

We developed a calculation method for the beam or-
bit from the Hyper ECR ion source to the AVF cyclotron
using the 4D emittance measured by a pepper-pot emit-
tance monitor1) named PEM_IH102,3) and evaluated it
with the degree of fit, which is χ2 divided by the de-
gree of freedom (DOF) between two projections to an
arbitrary coordinate axis made from both the measure-
ment of other diagnostics and the beam orbit calculation.
However, the dispersion of χ2 is assumed to be the square
of 10% of the highest value of the measurement. Sub-
sequently, the method of processing the beam image on
the fluorescent plate of PEM_IH10 recorded by a digi-
tal camera was improved.4) This report is a summary of
Ref. 4).

This year, as it was found that the degree of fit varied
at different thicknesses of the fluorescent agent, the vari-
ation of the degree of fit was examined while varying the
combination of the exposure time and gain and the thick-
ness. The results of beam orbit calculations are com-
pared with the beam profile monitor (BPM), which mea-
sures 3 axes of profiles set 867 mm behind PEM_IH10
using the 23.6-keV 4He2+ ion beam of 100 eµA. In this
test, the degree of fit is defined by dividing the sum of 3
axes of χ2 by the sum of 3 axes of DOF. The thickness is
defined by dividing the weight by the area and density.
The upper and lower tables of Fig. 1 show the degree of
fit obtained from thickness of 1.9 and 34.6 µm, respec-
tively. From these results, irrespective of the thickness,
the measurement of PEM_IH10 can be homogenized if
the gain and exposure time are optimized.

In order to revalue the beam orbit calculation method
after the optimization with respect to the thickness of the
he fluorescent agent, the degree of fit is examined using 4
beam intensities (124, 187, 196, and 308 eµA) of 15.4 keV

Fig. 1. Degree of fit compared with BPM when the thickness
of the fluorescence agent and the exposure time and gain
of the digital camera are varied. (top) thickness = 1.9 µm;
(bottom) thickness = 34.6 µm.
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Fig. 2. Scatter plots showing the degree of fit of (left) (u, u’)
and (right) (w, w’) compared with EM_I36.

Fig. 3. Scatter plot showing the degree of fit of (u, w) com-
pared with a BPM set 107.5 mm behind EM_I36.

4He2+, 100 eµA of 12.6 keV 2H+, and 214 eµA of 12.8 keV
2H+ by comparing the measurement of a 2D emittance
monitor5) (EM_I36) set 6.2 m behind PEM_IH10 with
u and w coordinate axes perpendicular to the beam di-
rection. The angles of u and w are indicated by u’ and
w’, respectively. The left and right of Fig. 2 show the
scatter plot of the degree of fit of (u, u’) and (w, w’)
of EM_I36, respectively. The u or w values of all sam-
ples are less than 4. However, 3 samples showed u’ or
w’ values are greater than 6, and their widths of angu-
lar distributions from the beam orbit calculations were
all smaller than those from the measurements for both u
and w.

On the contrary, Fig. 3 shows the scatter plot of degree
of fit of (u, w) of BPM set 107.5 mm behind EM_I36.
It is found that all the degrees of fit are less than 4.2.
This reason is not clear yet. We will check the tendency
with more data. On the whole, the results of beam orbit
calculation using 4D emittance measured by PEM_IH10
agree with real beam orbit so that they are useful for
analysing real beam orbits.
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