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Abstract Table 1: Typical beam modes
Beam injections to KEKB and Photon Factory are per- Injection Beam Energy Charge No. of
formed with pulse-to-pulse modulation at 50Hz. Three pMode /Bunch Bunches

very different beams are switched every 20 ms in order to

inject those beams into KEKB HER, LER and Photon Fac- KEKB-HER € 8.0Gev  1.2nC lor2

_ -
tory (PF) simultaneously. Human operators work on one ofKEKB-LER . e_ 3.5GeV. 0.6nC 2
those three virtual accelerators, which correspond tethre gEKB—LER € gg get// éin% i
fold accelerator parameters. Beam charges for PF injec- © € on
PF-AR e 3.0Gev 0.1nC 1

tion and the primary electron for positron generation are
50-times different, and beam energies for PF and HER in-* primary electron for positron generation.

jection are 3-times different. Thus, the beam stabilities a

sensitive to operational parameters, and if any instabilit

in accelerator equipment occurred, beam parameter adjustlt is considered whether it may improve the injection sta-
ments for those virtual accelerators have to be performefility with beam feedback loops even under simultaneous
In order to cure such a situation, beam energy feedbadiection.

system was installed that can respond to each of virtual ac-

celerators independently. SLOW BEAM FEEDBACK LOOPS

Because beam instabilities were observed at the begin-
INTRODUCTION ning of the linac commissioning for KEKB, many closed

KEKB asymmetric electron positron collider has beedC0PS were installed. If the energy fluctuated, the beam po-
operated for 10 years improving the experimental perfoition, where the dispersion function was large, was mea-
mance continuously. At the beginning of the commissionsured and RF phases at two adjacent RF sources were mod-
ing it was anticipated whether the positron injection effitllated to opposite directions from the crest phase in or-
ciency was sufficient. In order to enhance the injectiof€r to maintain the energy but not to make energy spread.
efficiency several projects were performed, including dodf the orbit was unstable, beam positions at two locations
ble beam bunches in a pulse and continuous (top-up) iMcthere betatron phases are 90_—degree ap_art were measured
jection during the experiment. Such efforts improved th@nd corresponding steering coils were adjusted. _
integrated luminosity, and the linac turned out not to be a !N Order to suppress the measurement noises, a weighed
bottleneck [1]. average over several locations were often used, instead of

Further challenge was that the injector is shared bé& single beam position information, based on the response

tween four storage rings, namely, KEKB-HER (High gn-functions to the energy change or the beam kick. If the en-

ergy Ring), KEKB-LER (Low Energy Ring), PF (Pho- €9y measurement noise was large, the betatron oscillation
ton Factory) and PF-AR (Photon Factory Advanced Ring)aS measured using the beam positions at two locations

with quite different energies from 2.5GeV to 8 GeV andVhere the dispersion functions were zero, and the infor-
charges from 0.1nC to 10nC as in Table 1. There Weﬂ@ation was used to compensate the energy displacement
pformation.

concerns about the beam characteristic reproducibility d ) ) o
the beam mode changes [2]. Those procedures were described employing a scripting
Jromputer language and operators could manipulate their

For this reason, during the commissioning, many slo s ) :
closed feedback loops were installed in order to stabiliZ&rameters via a graphical user interface. The feedback

the beam energies and orbits at several different locatiod&NS were normally small and the time constants were sev-

along the 600-m linac [3]. eral to 100s. The same procedure was also applied to sta-
Recently, we succeeded in pulse-to-pulse beam mogglze_hardwa_re such as amphtudeg and timings of power

changes, with modulating many parameters in 20 ms. Th%)pplles. While those loops were simple PI (Proportional-

is called as a simultaneous injection and it enabled both ﬂg%tegral) contrqllers, they were very eﬁec“‘,’e- .
luminosity tuning stability at KEKB and the top-up injec- The fluctuations often meant that certain equipment or
tion to PF [4, 5, 6] utility became out of order. It was not determined well

how much stability was required for such equipment at the
* < kazuro. furukawa @kek. jp > beginning. Because it may take time to analyze and fix




those pieces of equipment, feedback loops were effective cetal——— Event Generator

applied at many locations.
As the fluctuation sources were identified and resolver /
those closed loops became unnecessary during the norr _sar vietlon
operation. However, they are still important during the =
beam studies because the beam conditions are much (farc  Goie)

e-Gun e-BT(PF:2.5GeV, 0.1nC)

KL_51/52

ferent from the normal ones. While a certain parameter 0] 81| 83 $83| /s5.4) | 8B.5| | e, e* BT (KEKB:3.5GeV, 2nC)
scanned in such studies, other parameters often have to o fhreet
maintained stable. They are also effective in order to idet Gont) Cont2] Conta] [Comtd] GomS|  o-BT(KEKB: 8GeV, 2nC,

. .. Event Receivers PFAR: 3.0GeV, 0.1nC)
tify the reason when the beam characteristics changed un-

intentionally. Furthermore, they can be occasionally useI(—;ligure 1: Overall configuration of the event-based control

to predict a certain failures. Thus, the information fromsystem. 17 event receiver stations cover 1-km facility.
those loops was valuable.

Those feedback loops were dependent on the beam

modes. The linac accelerates the beams for four stafator/generator. It listens to the beam frequency reguest
age rings, KEKB-HER, KEKB-LER, PF and PF-AR, with from downstream rings and/or human operators, and then
quite different energies. Moreover, those beam modes hadrhitrates those requests based on pre-assigned jasorit
been eXChanged every several minutes. Even with such fr@qd generates a beam mode pattern for up to 10s (20 ms
quent beam mode changes the beam reproducibility ands500). There are certain constraints how to organize the
stabilities were maintained with the beam feedback Ioop%attern because many of the pu'sed power Supp"es expect
that they are fired at constant intervals.
SIMULTANEOUS TOP-UP INJECTIONS The main part is the event generator station. The event

Until 2008 it took from 30 seconds to 2 minutes to Switchgenerator (EYWGZSO fc;om MRF I[7]?(prowdes an event Ser']
the beam injection modes between KEKB-HER, KEKB-JUENCE synchronize to RF clock (114.24MHz). Eac

LER, PF and PF-AR. Many accelerator device paramete?vent[ is accompanied with an event code, while additional
ata is transferred as well. The event generator software ex

were changed, and the slowest process was the bendn :
o X .fracts adjacent beam-mode elements out of the beam-mode

magnet standardization. However, simultaneous top-up in-

jections to three rings, KEKB-HER, KEKB-LER and PF pattern received from the pattern generator, and arranges

became necessary in order to improve the phvsics ex e?Ie_veral event codes corresponding to the first mode, then
ary P phy P€Ldds another event code to notify the beam mode of the
ments at those rings.

. : next pulse.
Several sets of pulsed equipment were installed. Beam _. . .
Finally, event receiver stations accept events from the

optics development was also performed to support the wide ; ! ;
P P b bp ent generator through optical fiber links. The event re-

dynamic range of the beam energy and charge, 3-times dff¥s
ferent energies and 100-times different charges. The b(ég!vertr(]E\Q.‘\t’?Qler;ro?j '\tARFz rfe?heneratets tr:je RF clock
tatron matching condition was established at the entranfg"d the bittrain. The Iirst part ofthe event code sequence
to each beam transport line. An event-based control s g used to generate signals with specific delays. The last

tem was introduced, in addition to existent EPICS controﬁi\;inéeclgdzr:gfggi)th\?alrfg:?(l)?rths:@g::sr;%gé?g?;i ﬁgit
system, in order to achieve global and fast controls. y g

The new control system could change many paramg-UIS.e' Approximately 130 paramete_rs on 17 event receiver
ters quickly and globally, and it enabled the pulse-to-qauIsSt"’mon"3 are _changeq every pulse (F'g'. 1). Each one of those
beam modulation. The linac pulse repetition is 50 Hzparameters is associated with ten variables that corréspon

) 01’8 ten beam modes, and those thousand variables can be

m linac are changed within 20ms. Such efforts enable'a"rf‘rr;:pugated anyélme by operg'.uonal softwar”e. h
simultaneous top-up injections, and the beam current sta- e beam-mode pattern arbitrator normally accepts the

bilized to be 1mA in 1.1~ 1.6 A at KEKB and 0.1mA "NeW requests from rings every several seconds, and it re-

in 450 mA at PF, which contributed the physics experimerﬂenerates a corresponding pattern. Under a typical opera-
results tion condition, average injection rates are 25Hz for HER,

12.5Hz for LER and 0.5Hz for PF. However, it is often
Event System Operation rquw_ed Fo assign all the pulses for |nject|0r.1..Such a flexi-
ble injection pulse arrangement enables efficient use of the
The new event-based control system arranges the linagector linac.
for a pulse to operate in one of the ten beam modes. The in-
jection beam modes for KEKB-HER, KEKB-LER and PFB iti ;
. ) . gam lon Monitor
can be switched quickly, and each beam pulse is separate Positio onito
by 20 ms. As described previously, the old read-out system for
The event-based control system is composed of thréeam position monitors (BPM) could operated at 1 Hz.
basic parts. The first part is the beam-mode pattern arbitowever, for simultaneous injection it was required to pro-



cess signals at 50 Hz.

The new BPM read-out system was designed with osci
loscopes, mainly because one oscilloscope can cover st
eral BPMs and the system is simple with only passive con
ponents, so that the maintenance becomes easier. The si

FB g
software as the previous system was embedded into t heu"
ARC

Event-based
Control System
Q /ﬂ\
" \ \ / PF e~ BT (2.5GeV, 0.1nC)

F.B

EPICS control software framework on Windows XP on the
oscilloscopes. It accepts the event information through tt
network.. Events are used to tag the beam-position and
charge information with the beam-mode information. A
approximately 200 BPMs are installed along the linac an
BT, each one of which has independent variables for te
beam modes, there are2000 variables provided. The
client operational software can receive beam informatio
which is related to a specific beam mode [8].
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VIRTUAL ACCELERATORS o Target
Under the simultaneous injection configuration the
event-based control system provides beam-mode depdrigure 2: Independent closed feedback loops (F.B) on three
dent control parameters. Moreover, those parameters \Vittual accelerators for KEKB-HER, KEKB-LER, PF.
different beam modes are organized to be independent both
for controls and measurements. Thus, we can see those in- CONCLUSION
dependent parameter sets as independent virtual accelera-
tors. For each 20-ms time slot, the event system associated\ pulse-to-pulse modulated simultaneous injection to
one of the virtual accelerators with the real accelerator. KEKB-HER, KEKB-LER and PF rings was realized with
Because those control parameters for each virtual acc@n event-based fast and global control system. It provides
erator continue to exist, human operators and operatiorggveral virtual accelerators for the accelerator operatio
software can act on one of those virtual accelerators withvith independent parameter sets. Under such environment,
out any interference between other beam modes. event-based closed beam energy feedback loops were suc-
cessfully applied, which would provide valuable resources

Event-based Beam Feedback Loops for the future operations including SuperKEKB.

BPM information and RF control parameters are also REFERENCES
handled independently in each virtual accelerator. At first
energy feedback loops at the 180-degree arc and at the dhli K. Furukawaet al., “The Present Performance and Future
of linac were installed again using event control paranseter Upgrade of the KEKB Electron Linac'Proc. LINAC2002,
on each virtual accelerator as in Fig. 2. As parameters are GYeongju, Korea, 2002, TU431, p. 382.
independently managed, no modification to the softward@] K. Furukawaet al., “Beam Switching and Beam Feedback
was necessary. Systems at KEKB Linac”,Proc. LINAC2000, Monterey,
The performance of those closed loops were observed USA, 2000, TUE1O, p. 633.
with small feedback gains during the normal operation. 3] K. Furukawaet al., “Energy Feedback Systems at KEKB
those feedback operations no beam stability improvements !njector Linac”, Proc. ICALEPCS 99, Trieste, ltaly, 1999,
were achieved. In other words, no signs of instabilities TA1004, p. 248.
were observed other than white noise. [4] M. Satohet al., “Present Status of the KEK Injector Upgrade
For PF BT energy stabilization, it turned out that the sep-  for the Fast Beam-mode SwitctProc. LINAC2008, Vancou-
aration of betatron and dispersion functions was not opti- Y&"» €anada, 2008, TUPO13, p. 416.
mal and the resolution of BPMs was insufficient because &l K. Furukawaet al., “New Event-based Control System for
the low beam charges. The procedures of the betatron oscil- Simultaneous Top-up Operation at KEKB and PPfoc.

lation compensation and the weighed average of beam po- ICALEPCS2009, Kobe, Japan, 2009, THP052.
sitions will be applied later. Because the processing spe&:]
with a scripting language is not sufficient, compiled proce-
dures are tested as well.

The orbit and energy spread stabilizations can be imple-
mented in the same way. Those beam feedback signals Wil
be valuable information for the accelerator operation. (8]

1Events are missed only less than once in million times
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