Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

= RHBIEE SQUID E—

A%;ﬁ% 9 OJI_JA_;\J# -

PASJ2016 TUP088

NEIE

SENSITIVITY IMPROVEMENT AND MINIATURIZATION OF HTC-SQUID BEAM
CURRENT MONITOR

PEHBER N,

P A,

Tamaki Watanabe*#), Nobuhisa Fukunishi®), Satoru Inamori®

AR B 4 — D

), Kouichi Kon®

ARIKEN, Nishina Center for Accelerator-Based Science
BITEP Corporation

Abstract

To measure the DC current of heavy-ion beams non-destructively at high resolution, we have developed a high critical
temperature (HTc) superconducting quantum interference device (SQUID) beam current monitor (SQUID monitor) for
use in the radioactive isotope beam factory (RIBF) at RIKEN. We have completed development of the prototype of
the SQUID monitor and installed it in one of the beam transport lines in the RIBF. Presently we have been using the

SQUID monitor for current measurement of heavy-ions beams.

Furthermore, with the aim of higher sensitivity and

miniaturization of the SQUID monitor, we have started the investigation on a new method.
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Figure 1: DC SQUID beam current meter [1].
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Table 1: Electrical Parameters of the FNAL LTc
SQUID Monitor.
1 Beam current
i Current flowing superconducting input circuit
M, MI"* between beam and PUL* ~ L,
L, SI" of PUL 14 nH
L.,  SIof twist coil which is connected to SIC* 17 nH
Ls  SlofSIC 2000 nH
M Ml between SIC and SQUID loop 20 nH

*MI : Mutual Inductance, SI : Self Inductance,
PUL : Pick Up Loop, SIC : SQUID Input Coil
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Figure 2: Schematic drawing of the HTc pick up loop[3].
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Figure 3: Circuit diagram of the LTc SQUID monitor of
TARN II ring.
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Table 2: Specifications of the Toroidal Magnetic Core

Toroidal core Vitrovac 6025F [6]

Relative permeability 25.000
Outer diameter R, 400 mm
Inner diameter R; 322 mm
Height h 25 mm
Turn numbers n 1
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Table 3: Electrical Parameters of the TARN II LTc
SQUID Monitor

L, SI* of PUL" 27 uH
L; Inductance of SIC* 17 nH
M;s  MI* between SIC and SQUID loop 5 nH
My;  MI between FBC* and SIC 6 nH
My, MIbetween FBC and SQUID loop 2 pH
Ry Resistance of feedback circuit 4.7kQ

*MI : Mutual Inductance, SI : Self Inductance,
PUL : Pick Up Loop, SIC : SQUID Input Coil,
FBC : Feed Back Coil
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Figure 4: HTc SQUID monitor based on the direct cou-
pling method.
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Figure 5: Magnetic core with magnetic gap.
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Table 4: Electric and Magnetic Parameters of the
Magnetic Core with Magnetic Gap

Current flowing around magnetic core

Turn numbers of coil

o =~

Magnetic flux

ur  Relative permeability of magnetic core

S Cross-sectional area of magnetic core

L Length of magnetic path along magnetic core

G Length of air gap
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Table 5: Specifications of the HTc SQUID
S Effective area of input coil 4.2 mm?
G Height 10 mm
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(10 pgo / VHz)

¢~  Noise level
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Figure 6: HTc pick up loop model used for the calculation
by OPERA 3D.
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Figure 7: Comparison of the surfaces as observed by a
scanning electron microscope.
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