Status of the RIKEN Rl Beam Factory Control System A\ W NIARR
Misaki KOMIYAMA (misaki@riken.jp), Akito UCHIYAMA, Nobuhisa FUKUNISHI, Masanori WAKASUGI (RIKEN Nishina Center, Japan) -i; CNIEN%
Makoto HAMANAKA, Makoto NISHIMURA (SHI Accelerator Service, Ltd., Japan)
Introduction of RIKEN Radioactive Isotope Beam Factory (RIBF) and its accelerators
<Key Features> <Accelerator Chain of RIBF>
© RIBFis a cyclotron-based heavy-ion accelerator facility. RRC K2600

<RIBF accelerators>

- Frequency-variable RIKEN heavy-ion linac (RILAC, 1980)
- New linac injector (RILAC2,2010)

- K70-MeV AVF Cyclotron (AVF, 1990)

- K540-MeV RIKEN Ring Cyclotron (RRC, 1987)

- K570-MeV Fixed frequency Ring Cyclotron (fRC, 2006)

- K980-MeV Intermediate stage Ring Cyclotron (IRC, 2006)
- K2600-MeV Superconducting Ring Cyclotron (SRC, 2006)

<Bird’s Eye View of RIBF>
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© RIBF accelerators can supply Rl beams at energies of
hundreds MeV/nucleon over the whole range of atomic masses.

<Maximum Beam Intensities extracted from SRC>
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<Research Activities by using RIBF>
- Nuclear Physics Research
Studying new nulei and exploring the mysteries of the universe and
matter
- Discovery of New Elements
Discovery of the 113th element. First in Japan to discover a new
atomic element
- Applied Research (Radiation Biology, Rl Applications)
Conducting heavy ion beam breading using accelerators
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UPDATE 1: Construction of IRC-E5 Beam Transport Line (IRC-E5 BL)

\

for Biological Experiment

Middle of FY2013~ Construction has been started
FY2014~ Commissioning

<Purpose>
© Construction of a new beam transport line to irradiate a higher energy heavy-ion beam
to various kinds of biological samples.
Status: Only RRC-E5 beam transport line (E5: Experimental vault of the old RRC facility
dedicated to material and biological irradiations in the atmosphere)
135 MeV/u '>C beam

95 MeV/u “Ar beam:l_ Widely used for biological irradiation

<Details of IRC-E5 BL>

Component Number to be installed Type of controller
Magnet power supply NIO, F3RP61
Beam diagnostic devices

Beam profile monitor 17 N-DIM

enrs Faraday cup 5 N-DIM

Vacuum system

Vacuum pump 10 N-DIM

Gate valve 18 N-DIM

NIO: Commercially available control board
from Hitachi Zosen Corporation
F3RP61: Commercially availavle Linux-based PLC-CPU for FA-M3,
aPLC by Yokogawa Electric Corporation
© No new types of components
© No new types of controllers

<Control System>

© Constructed as a natual extension of the existing control system of the RIBF accelerator complex
by adding the new components used in the IRC-E5 BL.

<Control System of RIBF accelerator complex (as reference)>
© Major part of the RIBF accelerator complex has been controlled by EPICS.

<Operator Interface (OPI)>

GUI : MEDM/EDM

Alarm system : Alarm Handler

Data archive system: in-house data archiving system developed to adopt to our facility
having old/new multiple control systems

EPICS-based Control System

‘ Opentor tertucs |
: |

T T
T0C 00 00
(CAMAC) (VxWorks) (ALX)

e NDIMPLC/

GPIBPICNIC
10C Number of Number of

Lo |
STy
(Magnet Power Supply, AR R O Tt Magnet Power Supply,
Bea Digaoeta bevice, e e
Beam Inietock Sysim i) Ve Sysiem et —___ 10Cs  Controlled Devices
i | CONET 6 =500

100
(F3RPS1)

10Cs Controlled Devices

‘ ‘ Beam Interlosk System (BIS) ‘ VME 6 ~400
| ALIX 19 ~400
‘ RF ’_+ e +—{ P ‘ F3RP61 11 ~80
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Non-EPICS-based Control System

UPDATE 2:Rare-RI Ring Project

Middle of FY2012~ Construction has been started

Middle of FY2013~ Excitation test of magnets is in progress, and remote control test is just beggining
FY2014~ Commissioning

FY2015 First mass measurement

<Purpose>
©  Mass measurement of very unstable nuclei, located very far from stability,
which are related to the astrophysical r-process (= short-lived (<50 ms) and rare (~1 event/day)).
Itis assumed that uranium is synthesized by nutron capture process after supernovae explosion (r-process).
To prove r-process, mass measurements for the rare-Rl is indispensable.
Itis possible to inject the rare-Rl one by one to the ring (individual injection) since cyclotrons in RIBF
provide continuous beam.
©  Lifetime measurement of very unstable nuclei
©  Reaction studies on unstable nuclei with internal targets

— <Key Features>

© Isochronous storage ring

©  Determine the masses of short-lived rare nulei
with an order of 10 precision even for only one particle
by measuring the revolution time.

©  Measurement of short-lived rare nuclei with in 1 ms
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<Specifications of the ring with an energy of 200 MeV/u>
Circumference: 60.35 m
Length of straight section: 4.02 m
Momentum acceptance: +0.5%
Revolution frequency: 2.82 MHz
Transition ytr: 1.2147
Tune: Qx 1.21,Qy 0.84

K cker Max.b function: Bx 8.1 m, By 13.0m

Max. dispersion: 67.3 mm/%

Bending magnets
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<Principle of mass measurement>

w Cyclotron frequency (fo) is expressed by

fe=1/2n*q/m*B
/m: charge-to-mass ratio, B: magnetic firld strength
Circulation time in the ring (To) of a particle
with an isochronous optics (B = Boy) is given by
To=1/fc=21* moy/q * 1/Boy = 21 * mo/q * 1/Bo
4=1/M1-B, B=v/c:velocity relative to the light velocity,
c:light velocity
->We can determine in the masses (more exactly
mo/q) by measureing both To and Bo.
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Details : A. Ozawa, et al., Prog. Theo. Exp. Phys. (2012), 03€009

<Control System>

Magnets
Beam diagnostic systems

Group for operation the rare-Rl ring
Vacuum systems

as a storage ring

Control system of the rare-Rl ring

<Network>
© Al servers and client-PCs are based on Linux (Cent0S 6.4 (x86))
Local are network of the RIKEN Wako Campus (Wako-LAN)

~Working as a soft IOC to control ladder CPUs (F35P66)

-Working as a firewall and router in the communication of the rare-RI ring-LAN
and the Wako-LAN by using iptables

-Working as an NFS server

~Working as a Process Variable Gateway server

-Working as an NTP server

NFSand
EPICS-10C server

Back up the files
Rsync commands running
on the bakup server surveys
all the files on the NFS and

Local area network dedicated to the rare-RI ring (rare-RI ring-LAN)

Serial-Ethernet

Converter

- RDB (PostgresQL) required
for operation of the data
archiving system and the alarm
system of CSS on client-PCs.

- Archive Engine (data acquisition|
program)

- Program for operating a GUI of

CSS alarm

Magnet power ~ Magnet power
supplies (New)  supplies (Reuse)

EPICS-OC server and on the
backup server; updated files
are saved once a day,

at midnight, to avoid missing
files and data.

Detectors

Group for precise mass measurement-[u_

© Asafirst step, we have started the development of the control system of the magnet power supplies.
The control system for vacuum components and beam diagnostic components are planned
to be integrated to the contol system.

<Design Baseline>

© Based on EPICS, based on the experience of the control system of the RIBF accelerators
© Types of controllers used in the ring will be simplified as much as possible
-> PLC manufactured by Yokogawa Electric Corporation (FA-M3) has been introduced

Type of Magnet (number) Number of Type of controller (number)
magnet power supplies

Main coil of dipole magnets (24) T,New F3SP66 (1)

Trim coil of dipole magnets (10) 10, Reuse Serial-Ethernet converter (1)
Septum magnets (4) 2,New F35P66 (2)

Kicher magnets (5) 10, New Under discussion
Correction coil magnets (24) 6,New Under discussion
Quadrupole magnets (10) 10, New F35P66 (5)

F35P66: PLC-CPU whose logic is developped by using ladder program
This power supply is controlled by serial communication, R422

—>|I0C with —> [Serial-Ethernet| — | Magnet
<—|stream Device|] < [Converter <— | power supply

<Recent Upgrades>

- Development an in-house data archiving system and started using it
- Replaced some outdated controllers

Future Upgrade of RIBF Control System

- Replaced dozens of servers with a new server system that uses a virtualization technology

<Future Upgrades>

- Replace the existing OPI with CSS at the same time as completion of the IRC-E5 BL in steps that depend on
the experience gained constructing the control system of the rare-Rl ring in order to improve the usability




