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Abstract of the beams.

The KEK electron linac was upgraded to 8 GeV for the
KEK B-Factory (KEKB) project. During commissioning 2 COMMISSIONING

of the upgraded linac, even while continuing SOR ring in-,

jections, we had achieved a primary electron beam WitEhe commissioning started at the end of 1997 using the

10-nC(6.24 x 101) per bunch up to 3.7-GeV for positron .|rst part of the |InaC]US.t before completion ofthe.upgraded
. . . . linac. In order to carry it, a task force called the linac com-
generation. This could be classified as one of the brightest.”~ . . :
S-band linac’s missioning group was formed, in which 7 persons from the
. ) . . linac and 12 persons from the ring participated. This group
Since the KEKB rings were completed in Decemberater became a part of the whole KEKB accelerator com
1998, those 3.5-GeV positron and 8-GeV electron beams. ~ .~ .
- . missioning group.

have been injected with excellent performance. Moreovetr, .

The beam was operated at the linac local control room at

we have succeeded in switching among the high-intensi o ) .
beams for KEKB and beams for two SOR rings with su1‘fi-%Me beginning. After completion of the KEKB rings the

. L operation rooms for the linac and the ring were merged
cient reproducibility. with some computer network and video switch prepara-
After commissioning of the KEKB ring started, we P prep

launched a project to stabilize the intensity and qualittlons' Part of the operation log-book has been recorded

. glectronicall to facilitate communication between local
of the high-current beams furthermore, and have accom- y

plished it while investigating every conceivable aspect. engineers and remote operators.

1 INTRODUCTION 3 STABILITY AND RELIABILITY

The KEK B-factory (KEKB) project started in 1994 to Aft(ir_tcommlssmnmg (1fthe KEKF{lnt%stsrted,ével_rer:\lllzed d
study CP-violation in B-meson decays with an asymmetri atitwas necessary 1o manipulate the beam deticately an
continuously in order to maintain the quality of the high-

electron-positron collider. The performance of the expert-t itV b f | i ithout d dina the ini
ment depends on the integrated luminosity of KEKB, an{'cnSIty béamsfor ajong term withoutdegrading (h€ injec-

hence the beam injection efficiency from the injector lina fian performance. Thus, we have launched a project io sta-

In order to achieve efficient fuil-energy injection, th(:l')ilize the intensity and quality of the high-current beams.

original 2.5-GeV electron linac was upgraded up to 8 GeV, )
while enforcing the acceleration gradient by a factor of 2.8-1  High-Current Beam

and by extending the length of the facility by about 40%a the peginning of the commissioning it was necessary to

Because of the site limit, two linac’s with 1.7-GeV and 6.3+, 5ke much effort to transport a 10-nC electron beam on

GeV were combined using a 180-degree bending magnglhe positron generation target. It was often difficult to

system to form a J-shape linac. Also the primary electrop,Jintain the beam for more than one hour. Otherwise, local

beam was designed to be 10 nC per bunch to produce 3iRjmns had to be made to cure beam instabilities, which
GeV positrons with 0.64 nC.

) ) were caused by a fluctuation of the accelerator equipment
The upgraded electron/positron linac has been commigy g transverse wake-fields.
sioned since the end of 1997, even while continuing injec- g,cp gitficulties, however, were gradually resolved after
tion to the Photon Factory (PF). We had overcome many,qerstanding the sources of the instabilities through care-
practical difficulties, and had already achieved most of thg,| heam studies, as surveillance systems were installed for
designed beam parameters[1, 2]. , rf systems and other equipment[4]. Since the commission-
However, to pursue the capability of the linac and KEKB "4 started before completing the whole linac, some
to its utmost limit, we still continue to improve the qualltypart of the accelerator equipment was not operated at the
* e-mail: <kazuro.furukawa@kek.jp> optimum condition. The largest contributions to the in-

T Linac Commissioning Group: N. Akasaka, A. Enomoto, J. Flanagarstabilities came from many parameters in the pre-injector
H. Fukuma, Y. Funakoshi, K. Furukawa, T. leiri, N. lida, T. Kamitani, section[3].
M. Kikuchi, H. Koiso, T. Matsumoto, S. Michizono, T. Nakamura, . . .
Y. Ogawa, S. Ohsawa, K. Oide, Y. Onishi, K. Satoh, M. Suetake and Thus, we had realized that it was important to study the

T. Suwada tolerances of beams to each parameter. Table 1 shows some




of those results.

Table 1: Tolerances of a 10-nC beam

The major challenging issues here were reproducibility
of the beams in one of four modes, the reliability of switch-
ing and the switching speed to improve the integrated lumi-
nosity.

Parameter Tolerance In this area, software to switch the beam modes had been
Gun high voltage +0.38% developed since the beginning of the commissioning. In or-
Gun timing +45. ps der to accomplish the above tasks, the software was refined,
SHB1 (114MHz) phase + 1.1 deg. especially in the magnet initialization for the reproducibil-
SHB2 (571MHz) phase + 1.3 deg. ity and in recovery of the equipment failures for the relia-
Buncher phase + 1.7 deg. bility. It can even be re-configured easily in several aspects
Buncher power +0.47% by an operator. The details are described elsewhere[6].
Sub-booster-A phase + 3.5 deg. Using this enhanced software, the loss time caused by
Sub-booster-B phase + 4.0 deg. beam mode switching was made negligible, and the beams

became well reproduced over frequent mode switches. The
switching time for the KEKB modes became 90 to 120 sec-
These tolerance values were obtained to keep 90% of theds, which is acceptable. Thus, it is not a major issue at
maximum beam current at the positron production target lthe linac any more.
changing only one parameter around a good set of param-There are several plans for experiments that use high-
eters. Software to find a correlation was used in order tenergy electrons in the linac. An example is the slow
acquire these data[5]. positron facility for solid-state and particle physics[7].
For along, term each parameter may drift independentlyvhile the priorities of these experiments are currently low,
If the room temperature changes, most parameters may caew beam modes for them may be added to the routine op-
relate with it. Thus, while the above tolerance values areration if it is possible to solve new switching issues.
good references to consider the beam stability, the param-
ﬁrtsigof the equipment have to be kept within much bett%(-3 Beam Feedback Loops
In order to stabilize the equipment parameters followin@ven with the efforts on beam stabilization and reliable
the above guidelines, stabilization software, which will b&yeam mode switching, it was sometimes necessary to tune
described later, was implemented as well as hardware ithe equipment parameters delicately in order to maintain
provements. some beam parameters in the long term. Only some ex-
After such a challenging effort, we achieved a primaryerts could tune the beam and it took some time.
electron beam with 10-n®B24 x 10'°) per bunch up to  simple feedback loops to limit energy fluctuations of
3.7-GeV for positron generation, without any loss at thghe peams had been installed since the beginning of the
180-degree bending system. This could be classified as Of8mmissioning[8]. Also the same software was applied
of the brightest S-band linac’s. to stabilize equipment parameters, as already described
above. It was also applied to stabilize the beam orbits.
3.2 Four Beam Modes More than 30 feedback loops have been installed and are

It was anticipated that it might degrade the performance c}g(orklng depending on the beam modes. The details are

. ) S escribed elsewhere[6].
the linac to switch beams between four injection modes. . .
After a high-current beam was achieved, we sometimes Tht_ese feedback loops have |mpr(_)ved short-term linac
found that the beam parameters were not optimal. Actt?—tab'l'ty' and have cured long-term drifts as well.
ally, the beam parameters in the four beam modes are quite
different, as shown in Table 2. 3.4 Beam Optics

In order to reproduce the beam well under different condi-
tions, the beam optics along the linac must be understood
well. We have investigated several aspects to find any dis-

Table 2: Beam Modes of the Linac

KEKB PF PF-AR
HER LER crepancy between the design and the real optics.
Energy 8GeV 35GeV 25GeV 25GeV In order to measure the beam emittance well, both the
Particle e” et e” e” Q-magnet-scan method and wire scanners have been used
Charge 1.28nC  0.64nC 0.2nC 0.2nC  depending on the locations. The errors in energy gain eval-
(1oncy uations along the linac were not small, unfortunately. We

Repetition 50 Hz 50 Hz 25 Hz 25 Hz
Refill
Time 1-2min. 5-10min. 3-5min. 3-5min.
Interval 1-2hr. 1-2hr. 24 hr. 2-4hr.

are trying to refine it using a gain derived from the rf mea-
surement, beam energy measurement by an analyzer mag-
net and a longitudinal wake-field estimation.

13.7-GeV primary electron beam.



Using such beam information, software systems were 6 CONCLUSIONS

developed to match the beam optics at the fixeij L f the KEKB iniector i h
energy[9] and to re-match the optics after a rf-power rel) commissioning ot the injector inac we have
vercome challenging issues and have accomplished a sta-

configuration[10]. They are used daily, although it does n ) lizati act i tiqati vabl i
cover the whole linac yet, since we have several matchigl)dﬂ'z"".Ion project, investigating every concelvable aspect.
e linac is providing fairly stable beams with very high

points along the linac. abilit
The effect of the transverse wake-field is not small, espg-vg' ar'r:lyﬁormal operation. operators rarely change the
cially with high-intensity beams, and it degrades the beam urng peration, op y 9

emittance and the stability. Evaluation and reduction of thBeam parameters. Instead, software for beam-mode switch-
wake-field effects have been tried with some success[1 g and feedback loops takes care of them. Since the charge

Quadrupole wake-field effects were also observed for t [nit at the beam-transport line induced by the safety rea-
first time[12] sons will be removed soon, the performance of the linac

may be more enhanced.
Throughout this improvement, we obtained valuable ex-
4 OPERATION STATISTICS periences on tolerance studies and stabilization technique

With the help of the above-mentioned improvement, th@f the timing and rf systems, especially at the buncher

linac operation has become fairly reliable. The total ope€ction. We also gained knowledge concerning the phys-
ation time in FY 1999 was 7296 hours, which was greatl{f@ phenomena of the beams particularly of an emittance

increased owing to full KEKB operation[1]. The availabil- 9rowth.  They are indispensable for the design and con-

ity of the linac for injection was 99.0%, which have peerstruction of the next-generation accelerators, such as a
much improved. linear collider, an FEL and an injector for super-high-

The average intensity of the positron in spring 2000 waliminosity machines.

0.62 nC, whichis just less than the safety limit at the beam-
transport line.
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