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Abstract

Presently, superconducting acceleration cavities are under construction at RIKEN. In order to maintain the Q value
and not to increase the surface resistance of the superconducting cavities, it is impossible to use a beam diagnostic device
that generates outgassing. A non-destructive measurement with a beam diagnostic apparatus is indispensable. Therefore,
to measure the beam energy and the beam position simultaneously, we have developed beam diagnostic devices of high
sensitivity and low noise. Last year, we completed the prototype of the beam energy and position monitor (BEPM)
system and installed it in the transport line in the RI beam factory (RIBF). As a results, using the BEPM, a uranium
beam position and energy were succesfully measured with 0.3 mm and 10~* resolution, respectively. It is the purpose of
the present paper to describe details concerning the BEPM system for the superconducting acceleration cavities, and an

investigation of the sensitivities of the BEPM from the point of view the S/N ratio.
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Figure 1: Equivalent circuit for an electrostatic pickup. A
beam induces charge Q(t) on the electrodes and voltage
V (t) appears on the input-resistance R of the preamplifier,
where C is the capacitance of the BEPM-electrodes.
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Table 1: Parameters for the Calculation

B 0.082 (3AV'3T beam)
N 1.710 x10° (1 puA)

q 13

T 13.6986ns  (frs =73 MHz)
o 0.457 ns (3o = 10%)
Ocff 0.648 ns

L 0.05 m

¢/2m 025

R 50 Q

G 40 dB

C 100 pF

fwidatn 3 GHz
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Figure 2: Simulated results of the amplified pick-up volt-
age in the time domain.
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Figure 3: Theoretical calculated plots on the frequency do-
main.
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Figure 4: Schematlc drawmg of RILAC and SRILAC. De-
pending on the installation location, three types of BEPM
(Type I, Type II, Type III) were designed.
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Figure 5: Shape and cross section of each three types of
BEPM. SMA feedthroughs are used.
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Table 2: Mechanical Dimensions of Each Three Types of
BEPM

Typel Typell Typelll
Length of chamber 670 360 140
Outside dia. of chamber 58 58 85
Length of electrode 50 50 60
Inner dia. of electrode 40 40 60
Number of BEPMs 2 4 5

Unit of length and diameter : mm
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Table 3: Electrical Specifications of Amplifier and Power
Supply

Amplifier
Model No. ABL0300-00-4030

(Wenteq Microwave [8])
Bandwidth 9kHz - 3.0 GHz
Noise Figure 2.5dB typical, 3.0 dB Max @25 °C
Gain 40 dB @25 °C

Power supply for Amplifier
Model No. LFS50A-15 (Daitron Co., Ltd. [9])
Output Voltage 15V
Ripple Noise 10 mVy—p

Controller D|g|t|zer

Amplifier power supply
system

Amplifier mount
Figure 6: Photographs of the amplifier power supply, am-
plifier mount and data-acquisition system.
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Figure 7: Block diagram of the BEPM and data-acquisition
system.

DAQ Station

Table 4: Electrical Specifications of Signal Processing De-
vices

Embedded Controller
Model No. NI PXIe-8840
CPU i7 5700EQ, 2.6 GHz Quad, 8 GB RAM
Transfer Rates 8 GB/s
Digitizer
Model No. NI PXIe-5160
Bandwidth DC - 500 MHz

Sampling rates

2.5 GS/s (1 ch), 1.25 GS/s (4 ch)

Memory 2GB
Resolution 10-bit
Channels 4
Transfer Rates 600 MB/s
Multiplexer
Model No. NI PXIe-2746
Bandwidth DC - 2.7 GHz
Type 4x1, 4 sets
PXIe Chassis
Model No. NI PXIe-1075
Slot 5
Transfer Rates  4GB/s

32 EBUERL a0

BEPM Y AF LADRESUERAT DY 7 XA 777 L
% Fig. 7127, R (D) & T Q) OENETNDOEE
MYy 27y JIZHFEI N —LEER. TV 7T
THIFRXIN~%. Ay — 7z ->TY =7 v 7 i
TIEEEIZEE T % DAQ Station I23%( 505, [E5UH A
. BTFY 3 FIA VAV A YA [12] BTRERR X
nTtws, E@U)., FM). £ (L) HR) DEFIE ~

PASJ2018 WEOL09

NFTVLIV—ZkoTHOEZXON, ThWENT 4 Y
XA Y —PXIe-5160 IZ &> TTF 4 VRxIMELEI N5, HA
Blay ho—35 — NIPXIe-8840 & 7 « ¥ & 1 ¥ —[iiZ,
PCI Express NAZ 1 V&4 LT, &K 600 MB/s DI
WIZEER T — REEDAREL o T W5, [EH0LHR
DHEZ Table 4 12R7, Yo 7Y 7 MElX, 4chfli
DD 125GSIs THBEMWN, TV EL - AV R—=V—
T TV U E-RNEERTLEZ2IZED, K50
GS/s ¥ > 7V U ZWHREIZR D, EREE 7 TOF HlE
EEHELTCWS, VL - AVERV—=T - BTy
J2i%, AD AV N—REEBMHEEEEEZ 212X
D, EhEwd Ty L= NERERIELFET
Hb, Iho, T4V —, MARIaY bo—F—,
SRVFTL oY —, F4YXNVI0 NI634 ik, &C
Yy —=vOHIZHARAENT WS (Fig. 6), 215 DIE
SR, LabVIEW Z2HW/=70 27530712 & -
THIIL CTWb, L7 U7=TF — &1, LabVIEW fi]
75 EPICS-LAN 2/ L T2y hE—LIL—AIZ3%ED,
FrTF—RY—N—LEDOKRK—=KXTNTFT—ZR=Z (My
DAQ2 [13]) LIZf#1FT 5,

3.3 BEPM DR IEHE

BEPM NIZ7 A Y —%iED, ¥ — L% BT 2/55%
FExHE, By 27y It I N ESEHE
35, 74 —% L FVEGIZE#»TZEIZLD, ZOT
1 ¥ —DALE & ZEBO 1 OB % e 3 2R IEES
T FPETH S, EBIZY— LD BEPM NZ@# L.
C—LDOMNEBEZHET 2561, ZOREINEZT —
RIZEDWTNEDOF 2175, FLAHE S 1% 22
BEPM DO#%iF . J-PARC50GeV ¥>27u b MR H
WZBR SN RIS [14,15] 2MHIETHE, 175
FETH S, HHBEENEZHH BEPM 28 Z O IE
WEIZHETSE5,. BEPM #EET A EEL T AV —
EHOGXI =X FO&F 2T, BESEOHEHN
% Fig. 8 IZ/RT, HiiB L7z & 512 BEPM X =f¥HH 0 |
TNFNDOREINESIDT, TORESIZEDLETH

Reference.

Figure 8: Design drawing of the calibration device.
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