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Abstract

Beam commissioning for the RIKEN Heavy-ion Linac (RILAC) upgrade, including the new Superconducting Linac
(SRILAC), has been successfully completed. The RILAC upgrade aims at promoting super-heavy element searches and
radioactive isotope production for medical use. When the SRILAC beam is accelerated, the beam loss must be reduced
to under 1 W/m. To continuously monitor the beam nondestructively, we have developed a new beam energy position
monitoring (BEPM) system capable of simultaneously measuring the beam position and energy by measuring the time-
of-flight. At the start of commissioning, the beam was chopped to 3% duty cycle to protect the SRILAC cavity from beam
loss. Even though the beam intensity was very weak, we measured the beam position and energy to accuracies of £0.1
mm and several 10~% precision, respectively. Here, we present details concerning the BEPM system and commissioning

results.
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Figure 1: Schematic drawmg of the RIKEN Heavy-

ion Linac (RILAC), the upgraded Superconducting Linac
(SRILAC), and the installation locations of the 3 types of
BEPM.
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Figure 2: Photographs of the 3 types of BEPM: (a) Type I,
(b) Type I, and (c) Type III. (d) Cross section drawing of a
BEPM. (e) Schematic drawing of Type L.
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Table 1: Mechanical Dimensions (mm) of 3 Types of
BEPM

Typel Typell Typell
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
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Figure 3: Photographs of the amplifier power sup-
plies, mounted amplifier, and the data -acquisition system

(DAQ).
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Table 2: Electrical Specifications of the Amplifiers and
Power Supplies

Amplifier
Model No. ABL0300-00-3230 [15]
Bandwidth 9kHz - 3.0 GHz

Noise Figure 2.5dB typical, 3.0 dB Max @25 °C

Gain 36.5dB @25 °C
Power supply for Amplifier
Model No. LFS50A-15 [16]
Output Voltage 15V
Ripple Noise 10 mVy,_p
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Figure 4: Block diagram of the BEPMs and DAQ.
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Table 3: Electrical Specifications of Signal Processing De-
vices

Embedded Controller (NI PXIe-8840)

CPU i7 5700EQ, 2.6 GHz Quad, 8 GB RAM
Transfer Rate s 8 GB/s
Digitizer (NI PXIe-5160)
Bandwidth DC - 500 MHz
Sampling rates 2.5 GS/s (1 ch), 1.25 GS/s (4 ch)
Memory 2 GB
Resolution 10-bit
Channels 4
Transfer Rates 600 MB/s
DAQ (NI PXIe-6341)
10 16 AI (16-Bit, 500 kS/s), 2 AO, 24 DIO

DAQ (NI PXIe-6612)

Counter 8-Channel PXI Counter/Time
Multiplexer (NI PXIe-2746)
Bandwidth DC - 2.7 GHz
Type 4x1, 4 sets
PXIe Chassis (NI PXIe-1075)
Slot 18
Transfer Rates  4GB/s
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Figure 5: (a) Timing chart showing how the data ac-
quisition is triggered 30 us after the chopper signal is
launched. (b) Circulating wheel target used for the SH ele-
ment searches. The chopper signal is created by the photo

sensor and the slit.
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Figure 6: Calculated wire positions plotted by using the
calibration coefficients of 5!"-order and (b) 1%¢-order poly-
nomials obtained by the mapping measurements.
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sured results of the inverse of the position sensitivity coef-
ficients k, which are frequency dependent.
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Figure 8: (a), (b) To install the BEPMs into the center of
the quadrupole magnets, the half of the quadruple magnets
had to be already settled before. (c), (d) After the installa-
tion, the amplifiers connected to the semi-rigid cables and
the stiff coaxial signal cables are strongly fixed.
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Figure 9: Displayed the BEPM measurement results just
after the “° Ar'3*+ beam was successfully accelerated to 6.2
MeV/u (2020/01/28 21:02). The positions at station 4 were
off scale, which was corrected after the first trial accelera-
tion.
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Figure 10: Measured beam energy plotted as a function of
the phase of the final SRF cavity CM3.
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Figure 11: Measured results showing the relationship be-
tween the beam position at the BEPM 1 and the vacuum
between CM1 and CM2 (see Fig. 1).
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