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Abstract

At the Center for Nuclear Study (CNS), a high-intensity Francium (Fr) generation experiment aiming at the highest
measurement accuracy of the electric dipole moment is underway. Fr is generated by a nuclear fusion reaction by
irradiating a gold target with '®0%+ 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 . This experimental device is in the E7 laboratory downstairs
of the AVF Cyclotron, where there is also CNS RI beam separator (CRIB) for the Nuclear Astrophysics experiments,
and recently, RI production experiments have been added. Thus, high intensity ion beams are requested, but the beam
transport efficiency is as low as 60 % on average when the beam intensity exceeds 5 e A. Then, we planned to improve
the beam transport efficiency for high intensity ion beams and are developing a pepper-pot emittance monitor without
cooling. Measuring four-dimensional emittance (X, y, X’, y’). It is also useful for the beam trajectory calculation of the
rotated quadrupole and dipole magnet on the beam line to E7 and the beam loss estimation. However, it is found the
digital camera of the pepper-pot emittance monitor is necessary to take measures against radiation damage to use it in
the AVF Cyclotron room. Then, we consider frequent replacement of low-end cameras and shielding it.
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Figure 1: The beam line to C12, CRIB, E7B from AVFE.
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Figure 2: The relationship between beam intensity and
transport efficiency to C12(A), E7B(LJ), and CRIB(o).
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Figure 3: The relationship between beam intensity and
95 % horizontal (o) and vertical ((J) beam emittance.
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Figure 4: The measured beam emittannce of **0Q%* ion
beam (5.5 MeV/u). The beam intennsity is 3.6 epA.
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Figure 5: The optimized beam envelope for the existing
beam transport sysytem to C12 by TRANSPORT.
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Figure 6: The beam envelope calculated by self-developed
calculation method to estimate the beam transport effi-
ciency for the existing beam transport sysytem to C12.
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Figure 7: A quadrupole magnet is added between two ex-
isting magnets of QDC11.
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Figure 8: The optimized beam envelope for the intensi-
fied beam transport sysytem to C12 by TRANSPORT. A
quadrupole magnet is added to C11 course.
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Figure 9. The beam envelope calculated by self-developed
calculation method to estimate the beam transport effi-
ciency for the intensified beam transport sysytem to C12.
A quadrupole magnet is added to C11 course.
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Figure 10: The picture of the prototype.

Table 1: The Specification of the Prototype

Radius of hall in mask 0.3 mm
Interval of hall (horizontal: x) 2 mm
Interval of hall (vertical: y) 1 mm
Effective area of fluorescent plate 55 x 50 mm?
Distance from mask to fluorescent plate 130 mm
Promising position accuracy 0.1 mm
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Figure 11: (left)The coordinate system of scratched lines
on the copper plate (right)after poring fluorescence agent.
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Figure 12: (Top)The left and right pictures are scratched
lines and graph paper, respectively. (Bottom) The position
of grid points of graph paper (+) and scratched lines (o).
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Figure 13: (Top) The picture recorded with contact-lens
(Bottom) The relationship between position and the differ-
ence made by the distortion of the contact-lens method.
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Figure 14: The setup of tele-lens camera optics system.

vy b7 v 73 Fig. 14 EMO XS5 CEEL VX112
CMOS o —%FEEL, Ry =Ry pITI v 2>
AWEMBRDH Z A%, HARE OXEE S DY D, #E
WaEH o7 2ABEBLTHEREL >~ X (AR 100 mm) T
R4 Fig. 145 L TH 2, HT7 RAZEEE 40 mm 72
DT, HAREMER (5055 mm?) 1ZRZ 5V, Z0fiE
Pk LT Fig MATDEIXH I AR EREL VX
ML > X AN S, T T HARSHEIRIHEICA
ZHML YR H T AROMERE d (mm) 2RD 5, KT
fRIRE Z B RIRIC5] &= 372 CMOS & > ¥ — 258
CHNARDIA B H T AR CMOS & >3 — R L (m)
RO B, FL > XL FERE 83 mm DL XD
HalE, R L 2 d oD 512 & D L=1350 mm.
d=100 mm & %57, MBREILEEL Y XDHEXD
% 3ERE L, HIROETHDEADE L,

FRIHE S HERE 125 mm OihL Y XEHRIL X L
56 QRO ENS % Fig. 15 FIcRT. - O L=1530
mm, d=240mm ¥ Ko7z, TROL Yy b~ v FHEE
o FEVE A2 SRS I U 2 D D FEE PR IS S B
 EUEEEOBGRE Fig. 15 FIZRT. £ FBKFE H
THAESHT, ZAZ4N SD X 0.15 mm ¥ 0.14 mm
ERDIEELVADOHBEXID D 2 HBREECRS LN
Dotz ZOFERNBTI v X ZAHEDAEREER

PASJ2021 THP025

1.3mrad ¥ RED 6N 5, FUGRICEAXD 20, L
LY XD X HIBRT BAMifENIH 2 L 5o Tz,

25 20 415 <10 5 0 5 10 15 20 25
fiducial position of vertical direction (mm)

25 20 15 -0 5 0 5 10 15 20 25
fiducial position of horizontal direction (mm)

Figure 15: (Top) The picture recorded with tele-lens and
intermediate lens (Bottom) The relationship between posi-
tion and the difference made by distortion of the tele-lens
method.

5. F¥&&

KBEA X B —2HRy =Ry ML I v &R
HESRDREMDTE, TYVXNLIXATOEEDL VX
DTRTRBENRZ TE, FHEL Y XDELHEHEE K
ELT5e, LAREL, EHIROMBEEI/NX {7
2eamb, RWHASDLEZERT S, MERKEIZ
A7 HARE MR KEL T2 22 THMETE S,
XHWHBL Y XIZEML YR, 7raxwr s v 7L
YA, IEEREL Y XD LS EMFEIR AT T, =
Iy RVRAMEDAERERA LT EX S, ZO%
. BRI OBETEIT V., ERICE — L8857 A N 21T
W, EHERHERT 5, E—AHERIEICOVWTIZ S &
ERLUIHIEEMET 5,

R

AW, JSPS BRI EB K E ¥ (R #E)
20K12481 OB E=Z I TE D £5,

SE X

[1] Y. Sakemi et al., AIP Conference Proceedings 2319, 080020
(2021).

[2] Y. Yanagisawa et al., Nucl. Instr. and Meth. A 539, 74
(2005).

[3] T. Hoffmann et al., AIP Conf. Proc. 546, 432 (2000).

[4] L. E. Collins and P. T. Stroud, Nucl. Instr. and Meth. 26
(1964), p. 157-166.

[5] S. Watanabe ef al., CNS Ann. Rep. 1999, 44 (1999).

[6] S. Watanabe ez al., CNS Ann. Rep. 2000, 9 (2001).

[7] D.C. Carey, K.L. Brown and F. Rothacker, FERMILAB-
Pub-98/310.

[8] Y. Kotaka et al., Proc. 8th IBIC2019, Malmo, Sweden,
(2020) p. 351-354; http://accelconf.web.cern.ch/
ibic2019/papers/tupp022.pdf

[9] Y. Kotaka et al., Proc. 16th Annual Meeting of PASIJ,
(2019), p. 1109-1113.

[10] National Astronomical Observatory of Japan, Chronologi-
cal Scientific Tables, Maruzen, (1990).

- 877 -



