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Abstract

The tuning of the ion source has a part that relies on human experience and intuition, and because the unknown
parameters such as plasma, the reproducibility is low. Therefore, we apply machine learning, search for correlation
between parameters and beams, and aim to improve the degree of reproducibility. In order to apply machine learning, it
is necessary to know the conditions of beam in detail, and development of an emittance monitor, a beam profile monitor,
and an environmental sensor as a diagnostic device is indispensable. In particular, the Emission Monitor is very important
for making adjustments, and it is required to make a wide range of emittance measurements quickly. RCNP has developed
Pepper-Pot Emittance Monitor (PPEM), and has achieved measurement at 4 Hz. This device is mainly intended for
emittance measurement of 30m mm mrad or more, and needs to be improved to be able to measure low emittance beam
in order to perform machine learning. Therefore, this time, we investigated the conditions of PPEM that can measure low
emittance beam, and developed PPEM that can measure a wide range of measurement by replacing the pepper pot mask.
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Figure 1: Concept of ion source tuning.
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Figure 2: Concept of Pepper-Pot Emittance Monitor.
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Figure 3: Simulation results of emittance measurements in
the design of RCNP.

(Fitting from 30 m mm mrad to 250 T mm mrad)
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Figure 4: Simulation results of emittance measurements in
the design of RCNP.

(Fitting from 5 m mm mrad to 30 T mm mrad).
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Table 1: Design and Angular Resolution (50 pm / 1 pixel)

d(mm) Ax'(mrad) Xnax(mrad)
50 1 10 X dx
100 0.5 5xdx
150 0.33 3.3 xdx
200 0.25 2.5 X dx
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Table 2: Design and Angular Resolution (20 um / 1 pixel)

d(mm) Ax'(mrad) Xfnax(mrad)
50 0.4 10 X dx
100 0.2 5xdx
150 0.133 33 xdx
200 0.1 2.5 xdx
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1. d=100mm,dx = 1.5mm,20um/1pixel

2. d=100mm,dx = 2.0mm, 20um/1pixel

3. d=200mm,dx = 3.0mm,50um/1pixel
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Figure 5: Simulation results of emittance measurements in
the design 1.

(Fitting from 5 m mm mrad to 30 T mm mrad)
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Figure 6: Simulation results of emittance measurements in
the design 2.

(Fitting from 5 m mm mrad to 30 T mm mrad)

DFERND 1,2 DRI EARERBENTRL, ED

%{Eu/uz Mt 2550 fiFREE B L THENZ D,

SEIOFEH T ARTIVvZ LAY — LD E D T HE
A CHIEZAT 7B, T H U ADRERE —Mx
KTNDE DA T BHTZE—ANERD AW, IE
72BN TERLK 2o CLED, DT IRV T
HIEZEITHZDITIE I X AD /NS NIy & A
FEHERE BRI H U ARE %2 EFEN T DM E
NdD, O TIET 2 EHEBEL WS ZE
75x FOHE. FNENTHOMEICRETHIEIZA

D ENE N KELEDSTLED, £/2. MCP R0t
[fi, CCD B AZ7%ZNZE VAN HET26337e<,
Rl — Db OZEH Z LN TEIUTHEM N K ELZ I
WETIENTED, 22T, Xy —Ry M RT%EE —
LDTIVH AL TEURZDHIET FiD MCP <2
HOH . CCD I AZZ @ THEAL, EIAWEFHO =
B AREETTS PPEM &R LTI-, ZO%EE TIL,
RENME TR B EINOLT, ZMIE A WEFH O =
IV HUANRRNE TED, ZOWIEX % Fig. 7 1277,

Ry\—RyrT X1

—
di  HXME

Figure 7: Measurement of wide range emittance by
replacing the pepper pot mask.
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