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Abstract

At the RIKEN Nishina Center (RNC), emittance measurements are performed by Low Energy Beam Transport using
a Pepper-Pot Emittance Monitor (PPEM). The major advantage of PPEM is that it is possible to obtain 4D information
(z,z’,y,y") at a time in a short period of time. On the other hand, it is difficult to match the holes in the pepper pot
mask (PPM) with the image on the screen, and a major challenge remains in measurement accuracy. In general, the
smaller the distance between the PPM and the screen in PPEM, the more the emittance is overestimated and the lower the
measurement accuracy. However, as the distance increases, it becomes more difficult to match the hole on the PPM to the
image on the screen, and an excessively large distance prevents accurate measurement. To solve this problem, we have
devised a way to maximize the distance between the PPM and the screen within the range where accurate measurement
is possible by making the distance between the PPM and the screen variable. In this work, we developed a new analysis
method for this variable-distance PPEM that uses optical flow to track changes in the beam spots on the screen when the
distance between the PPM and the screen is varied. This allows a larger distance than conventional analysis methods and
improves the accuracy of the measurement by more than 10%. This method is already in practical use, and all analysis
can be performed with the click of a button.
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Figure 1: Mask hole and beam spot correspondence dur-
ing a typical analysis. The mapping is done by setting the
boundaries in the form of a mesh as shown in the green
line.
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Figure 2: Analysis results of incorrect mapping of mask
holes to images. The figure shows the x-x’ phase space
distribution. As a result of the incorrect mapping, the im-
age is plotted in a region that does not originally exist, as
circled by the white line, causing obvious deformation.
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Figure 3: Analysis results using Optical Flow. The defor-
mation that occurred in Fig. 2 has been eliminated, and it
was confirmed that correct analysis was performed even
when the distance between the mask and the screen was
increased to the limit of the device.
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Figure 4: LEBT with beam transport simulation. The
PPEM is installed at the downstream port of the first diag-
nostic box. The exit of the bending magnet is 1405 mm up-
stream. Beam transport simulations were performed from
the PPEM to the exit of the bending magnets.
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Figure 5: Results of beam transport simulation with the
distance between mask and screen set to 16.6 mm, where
no deformation occurs, and with the analysis results with-
out Optical Flow. The red lines show the aperture of the
bending magnet. The transmission efficiency of the aper-
ture was 92.5%.
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Figure 6: Results of beam transport simulation with the
distance between mask and screen set to 24.7 mm and anal-
ysis results when Optical Flow is used. 24.7 mm is the
maximum distance that can be varied as a device. The red
lines show the aperture of the bending magnet. The trans-
mission efficiency of the aperture was 99.3%.
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