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Abstract LESSONS AT KEKB CONTROLS

SuperKEKB electron-positron asymmetric collider is gyccess of the high performance operation of KEKB
being constructed after a decade of successful operatigiyed much to the control system. It was designed more
at KEKB for B physics research. KEKB completed all ofthan 15 years ago and had started the beam operation in
the technical milestones, and had offered importantirsigh1 9og. While it inherited a part of resources from the previ-
into the flavor structure of elementary particles, espBcial oys project TRISTAN, it restructured most of the software
the CP vioIaFion_. The acge!erator control system was !eQnd hardware components. It employed the EPICS (exper-
by the combination of scripting languages at the operatiqgental physics and industrial control system) toolkit for
layer and EPICS at the equipment layer to a successful ez |ow-level control mechanism and scripting languages
formance. The new control system in SuperKEKB willfor high-level operational applications. The combination

continue to employ those major features of KEKB, with adproyided the flexible and robust operational environment.
ditional technologies for the reliability and flexibilitythe

major structure will be maintained especially the onlin .
linkage to the simulation code and slow controls. How(i‘ower'le"‘/eI Controlswith EPICS

ever, as the design |umin03ity is 40't|mes h|gher than that Before KEKB, projects in the institute repeated the de-
of KEKB, several orders of magnitude higher performancge|opment of its own control system. As technologies such
will be required at certain area. At the same time more cois Unix, VME and TCP/IP became de-facto standards at
trollers with embedded technology will be installed to meeghe end of 1980s, it was considered to share control systems

the limited resources. among projects. After the Superconducting Super Collider
chose EPICS as the main control toolkit, EPICS became a
INTRODUCTION candidate for future controls at KEK [1]. It was decided to

KEKB B-Fact desianed ric el employ EPICS for the KEKB ring controls and the previous
_b-raclory was designed as an asymmetric €1eG; v, o e resources were not employed. On the other hand
tron/positron collider in order to study the violation of CP

EPICS gateways were constructed for the linac injector to

symmetry in B-meson system. It consisted of double StOr"ﬁake a bridge from the existent control system [2]. The

age rings of 8-GeV electron (HER) and 3.5-GeV IOOSItrorf\wain reason for that was the ring could shutdown the accel-

fihiﬁi):vétgoar:la}[nae(;fire?; méjgg ;];ug:;g;gﬁlj gﬁgts?tr}({erator completely for 4 years, but the linac had to continue
and led to the Nobel Prize of Kobayashi and Maskawa f he operation for light sources even during the upgrade con-

. Uiruction towards KEKB.
the theory of quarks and the CP symmetry violation. The KEKB ring employed several fieldbuses such as
After a decade of successful operation at KEKB y

new electron/positron collider, SuperKEKB, is being con%/ME’ VXI, CAMAC, GPIB and ARCNET depending on

structed to commission in 2014. It aims at a luminosity Og\]/(e)rigrgoziit.inApsprgi(elrrEa;ilx/elgoa\s/l\éEISCySStIG;rOnSc\:)v:'So\ﬂ)é-rs
8 x10%%cm 2571, 40-times higher than that of KEKB, in P g sy

order to study the flavor physics of elementar articlesfur(locs) for all the hardware devices including 200 VXI
ay Py ypar . mainframes, 50 CAMAC crates and 200 ARCNET seg-
ther, by mainly squeezing the beams at the collision point. e 3]

The control system should be utilized to the utmost for the . .
At the linac most of the devices employed IP-network-

oal.
g KEKB was constructed and operated almost the Sanﬁé’:\sed controllers. Before the KEKB project network-based
time as PEP-Il at SLAC with the same scientific goal. LCs and CAMAC crate controllers, and VMES were man-

It provided a friendly competition between these twoageOI by middle-layer software on Unix servers. Dur-

machines and brought many collaborative efforts. Ne\{\?g tze uPtng‘Ide construhctlog lf)ort KEKB,léhos? nletV\ﬁ)rk—
projects SuperKEKB at KEK and Super B at INFN will ased controllers were snared between old control sottware

be constructed in parallel again. It is hoped to exchan d EPICS gateways. Gateways were |mplementeq V\.”th
ideas between these projects ortable channel access server (PCAS) at the beginning,

' and were eventually replaced by soft IOCs as EPICS started
* <kazuro.furukawa @kek. jp > to support Unix I0Cs [4].




Number of EPICS process variables was approximately Thus, we should be prepared to accommodate small up-
300 thousand, and that of archived ones was 150 thousaggdades each year not only for application programs but also
They were distributed over 150 VME-based and Linuxfor control system infrastructure including base software
based EPICS I0Cs. and hardware components in order to manage a project for

a long period.
High-level Application with Scripting Languages
At the linac Tcl/Tk scripting language was effectively SUPERKEKB CONTROL SYSTEM

employed for its commissioning [5] after the language had . .
been utilized for testing tools for long time. Later for the r;ihlerllz(E:c?r:?c?ICst i;ﬁﬁmﬁiﬁ fzg(t)urlg dfOIF%WEgllig);f‘;j
both the ring and linac Python was employed as it had moFg Y » W redwi

strong points [6]. Many of the device control software Weré%crlmulng 'I[anggages.tlt r']S p(;anned tc:jlnc](c)trporate new ted:_
written in those two languages, as well as MEDM. nologies fo rejuvenate hardware and sotware components,

For the beam operation SAD (Strategic Accelerator Dev_vh|ch do not change the architecture much. However, two

sign Program) was extended to have an interpreter, sagsW concepts are considered promising, namely channel
access everywhere and dual-layered control system that are

script, which emulated most part of Mathematica Ianaescribed below

guage [7]. It provides most of the functionalities which is '

required by accelerator operation such as linear beam op-

tics, symplectic beam tracking, many of non-linear analyChannel Access Everywhere

sis, optimization, list processing, numerical manipualafi

EPICS channel access, and graphical user interface.
During the normal operation it is required to measur

the beam response on certain parameter changes, and t

to optimize those parameters. Such a process can be

The accelerator control architecture in KEK evolved in
several steps in the past. Some time ago several control sys-
ems were standardized with a combination of several field-
Sges, VME field computers, and Unix computers. In order
i ) ) _ {8 consolidate the efforts on the development and mainte-
teractl_vely carn.ed by SADSC.r ipt, and then tur_ned Into $ance some of the fieldbuses were gradually removed and

graphical user interface that is performed routinely. Ne\%any controllers were directly attached on to IP networks.

ideas for luminosity optimization were often proposed in :
. 'y op : brop Atthe same time EPICS control software framework was
the morning meeting, and corresponding operational tools
} o . employed at several control systems at KEK. Eventually,
were realized within a day or two. Some of the ideas turne
many controllers evolved to embed the same EPICS 10C

out to be favorable, and the tool became utilized routinel)é.oftware as on VME field computers as illustrated in Fig. 1

As many ideas were proposed, rapid tool development w. . ) .
y brop P P %Sommon IOC software communicates with others using a

cruua] a_md SADscript plgyed a S|gn|f|c.ant role. Actually Itcommon protocol called Channel Access (CA), which real-
was difficult to name a single mechanism that enabled the

. Izes unified application development environment from the
high performance of KEKB, however, for example hundre?f)p o0 the botptgm. We call thig embedded EPICS frame-

;)f rapid one-percent improvements provided twice the Pel-C ik as “CA Everywhere”, and it enabled the both rapid
ormance. )
development and smooth maintenance [4, 8].

Different kinds of controllers have been developed in
the framework of CA Everywhere, and they greatly re-
As an upgrade of a control system needs consideraldeced the control efforts and improved the reliability. ¥he
effort, it is preferable to maintain the same environmerihclude following controllers. Many of them were re-
during a project. However, an accelerator project can span
more than ten years, and related software, hardware, per-

sons, companies, and their policies may change subst:

Rejuvenation During a Project

Fieldbus IP-only Embedded IOC simplified

tially during that period. It is necessary to introduce ad OPI ‘ ‘ OPI ‘ OPI OPI

vanced technologies to improve the machine even durir ] - 1

the project. On the other hand existent components are ¢/ Channel /" Channel *,  /~ Channel

ten found to be difficult to accommodate new technologie: '5???%-/ ‘\-,'f‘_‘ije}?% \.ﬂc,i‘%s_,s. ~

If a component is modified to accept them, others may hay .

e VME/IOC VME/IOC 1oc ¢~ Channel ™

to be modified. Device Driver “._Access
Actually, during the KEKB project new operation | 4 . T

schemes were introduced almost every year. As most €Ol ( Fieigbus ) ( Tcpip ) ( (;\hannel

ponents in the control system were kept the same, it wi : ,,_,,_gcies_s,_ g

rather difficult to catch up with the requirements at therlate | peyice Device Device Device

period. One modification might trigger another, and severi| Controller Controller I0C 10C

modifications had to be performed at the same time. Be-
cause the shutdown period in a year is limited, if the exteritigure 1: Evolution of device controllers from a fieldbus
of modifications exceeded the limit, it became very hard. device towards CA everywhere with embedded IOC.



alized employing FPGA (Field Programmable Gate Ar-
ray) [9, 10].

Channel Access

MicroTCA LLRF controller with FPGA and Linux
Yokogawa FAM3 PLC with Realtime Linux
Oscilloscope for 50-Hz measurement with Windows
Timing TDC with Linux

Microwave power modulator with FPGA and Linux
Libera BPM readout at 50 Hz with FPGA and Real-

time Linux
e NI Compact-RIO with CAS and FPGA Figure 2: Dual layer controls with EPICS channel access at
the top and fast event synchronized control at the bottom.

FPGAISFP

Dual-layered Control System

) ] The event-based control layer manages global, fast con-
~ For higher experimental performance at KEKB and thg s in the pico- to microsecond range. The EPICS control
light sources, it was favorable to inject beams in top-Upyyer covers slower parameter controls as well as existing
mode into all the storage rings. In the Photon Factory (PFonyentional controls. Such a layered control system is op-

a stable beam current would provide precise experimenigh ) for the next generation of accelerator systems as de-
results. In KEKB, a stable beam current was desired forﬁ‘ﬁcted in Fig. 2.

sensitive beam collision tuning to increase luminosity.

To that end, simultaneous top-up injection had been es- CONCLUSION
tablished for three storage rings at the KEKB HER and
LER, and PF since 2009. Electron and positron beams with The design of SuperKEKB controls is being finalized
very different characteristics, charged from 0.1 nC to 8 n@ased on the achievement in the KEKB project and the dis-
and with energies of between 2.5 GeV and 8 GeV, were egUssion with each sub-group. Control components are con-
changed at a rate of 50 Hz (20 ms). As a result, stored bedifucted preserving EPICS and scripting languages from
stabilities of 0.05 % (1 mA) at the KEKB HER and LER, KEKB and enforcing two additional concepts of “channel
and 0.01 % (0.05 mA) at PF, were achieved, improving theccess everywhere” and “dual-layer controls”.
quality of experiments.
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