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Abstract

A new rotating-disk-type target for secondary-particle production is being developed for high intensity beam at J-
PARC Hadron Experimental Facility. The expected intensity is 150 kW proton beam. Although the rotating target is
advantageous in terms of cooling efficiency and long-term operation, it is challenging to monitor the temperature, rotation
speed, and eccentricity of the target. In addition, there are only a few measurement devices that can be used to monitor the
conditions due to the harsh operating environment of radiation and high temperatures created by the high intensity beam.To
solve these issues, we have developed a radiation-resistant capacitance-type displacement meter, which is capable of
monitoring the condition of a rotating target.In this report, we present the development status of a radiation-resistant

ceramic-insulated displacement meter.
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Figure 1: Schematic view of rotating-disk-type target.
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Figure 2: Operational conception of a displacement sensor for rotating target monitoring. Two displacement sensors can
be used in combination to measure various physical parameters.
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Figure 3: Schematic diagram of the principle of operation
of a displacement meter. The displacement is measured
from the capacitance between the target side and the main
electrode.
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Main 4
electrode 'd
Evaluation area

Guard electrode attached

50000 ————F—— Insulator

Guard
electrode

Ad= 0.0mm —e—

L Ad=+0.1mm —e—

Ad =+0.2 mm —»—
| | |

Sum of E; in evaluation area (V/m)
N
[4)]
o
o
o
T

|
02 04 06 08 1 12 14 16 18 2
Distance between target and main electrode(D) (mm)
Figure 5: Evaluation of the parallelism of the electric field

depending on the mounting position of the guard electrode,
showing the parallelism is improved with different Ad.

- 636 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

3.3 FiAH U EIEE OB

TATHIE CHISE - A I N EALEF DA Ul
¥ [6] &2 H Tl 5 W e A U R & ERR U 7=,
Figure 6 ([ZFRARA 2R MIE MK 2 RS, B & 2 128 -
TLT 5 C, LNOBEAREZFR>a vy T Y
Co ZEFNZER ULRMEBELEZHMT B LT, 22
HHIU 72 Vour Z2HIET B EIEEMK L 72> T
5, RRBBI»SEHIME NIz Vysin wt DEFEIT Cy
E C, THEING, TOEE Voyr ZARNVT—
AR EKEHL THEANT, BANLRART VT
’Eﬁﬁb\ﬂli Vour 1.

Gy, CoWy
Vour = avo =g ® (1)

ey, Bz ZHEILEZHE OS2, JlEL
VIR LGB ATHEEREDZ/ bz JIE L
TV, LU, EBOART VT IEAIEFD 0 T
7R <0 I~ pF RRED ANNAEZR D20, Wi
DOEEEIZHEEZH5ZTULES, £I T, Fig. 7Dk
ST —=MANT Y FEEEBEINL 7Z5A L LR
EEET AL Uz, ZOEKTIE CV,, BIFJE
W AELEFETHZ T, HOBEOHIFHEZ H HFEE
PFETE, Co=ChDESIZHFETLEI LT, 5
=T NY =)V R H— RER Cq %t & [FE
AR B BBEREEZF Y 2L LTWS, ZOHEK
DInEHE I U TIX, LTspice(ver 17.0.35) (2 £ %
MK I alb—3 3 YTEHEZTWV. 90% 0B EE
21.8 msec 1577z, TN 22 DERAREEZ- LT
W5,

Vy sin wt

(")
v
L

‘ D Vout
C, Voltage follower

Figure 6: Principle of measuring displacement using an AC
power supply and a voltage follower.

@\Vo sin wt
1 1 = =
(WI Co B

Q\ R
QI 3

Figure 7: Circuit schematic of the displacement measure-
ment circuit with the addition of a bootstrap circuit.

Bootstrap + Voltage follower

Vout

CGI

C3:I:
= =

PASJ2022 WEP043

3.4 TR ZE AL 5 D 2 AR RE I E

3207 Iy oMk T o —T78 33 DFAHL
[H] 3% % W CTZEAL R OBIE 21T\, £ D RRE % FF
fliL 7z, Figure 8 2/ U 72 IER T ZENLGE 2 HUS LT
R—rry b Ta—TJHOE#% 100 yum 3 DOZ4L
SERVPSHNELE V,y 27— 20 H—THIET
%, Figure 9 (ZIXZ A% 2000 pm & 2100 pm (Z [E 5E
U7 D V,,, I OWUERRZRLTE D, WK
DIRENR—ETHIUE, Vo FIEFIZLEL 0 DN
SWVWIEHN AL 8D, ZOHIEEDREED 100 yum
WAL LT W72, FEMIT LD Mean & 0 225
SIREEMNFHE T E B, Figure 10 IZREM T 21255
N7z Vo tWIME E Z DD FREEDEIRAE R %2 R U 72,
BRBEPREL RDIZONTHIEED KEL B>
T\ 3%, Equation (1) D & 5 24 HH 115 5 0
mhol, TNEELET =R NT Y TREIEOEE
BREFDTHO, ART VTOANEIE ANEE
PRI ORI E 2 5 A TWb b Ebh b,
T—TNVEEZRIXUZREHMERRE FREED 27.5m &
U756, WAPEFITNIWEE R D, BIKET
(FEIZCy) ZREBETH2BELDH -T2, ZOZ NS
il — 7N DIFEREDE 0T F ¥ eIk
TWRWZ ERHERITE 208, RIEREFDHFHEIZ &
D, F—=7IVE05m OlFLFAMKOHIBILEZ2E5
ZEMHETWDE, T XD IR T - TV E
NELSR-o72LLTH, KELRHMAIFRL, KT
£ 0.87 um DAfREEL 2 D 2.2 O HEESRRE 2 um
EERKTE TS,

adjusted in Oum 1 ©wm.

{ Torco B

Figure 8: Calibration devices and displacement sensor.

6000

Measurement \Iloltage (2100 pm) I !
Measurement voltage (2000 pm)
Displacement 2100 #m .

Mean = -17.9353
/ Sigma = 0.000784 7

5000 (-

4000 -

Displacement 2000 um J
Mean = -17.8397
\

Sigma = 0.000836 7

3000

2000

Number of counts (a.u.)

1000 -

N
\ 2
I

100um

-17.88
Output voltage (V)

0 L
-17.96 -17.92

-17.84 -17.8

Figure 9: Histogram of V,,,,; at 2000 pm and 2100 pm dis-
placement measured by data logger.

- 637 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

PASJ2022 WEP043

5
| " Cable length 0.5m —e—
0 Cable length 27.5m +—x— |
S Main electrode diameter ®15
< 5L il
o *
()]
% -10 - ¥* .
> *
5 5L ¥¥¢ 4
g $¥¥uyuy
g ol X1 EET]
25 L |
| ‘ | | I | | ‘ | | I
- Cable length 0.5m e
g 3+ Cable length 27.5m % -
§ o |Requiredresolution 2ym) _______________ -
% Maximum value (0.87 ym)
(0] 1 L
o) Xy ¥k
x )
S T el i .
0 500 1000 1500 2000

Distance from target (um)
Figure 10: Displacement resolution measured by AC volt-
age divider method.
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