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Abstract 2.1 Energy Upgrade of the accelerator module

In order to increase acceleration gradient, theoufce
of the old accelerator modules has bapgradedrom the
downstream tothe upstream using summend winter
shutdown terms. For increasing the rf peak power, the
klystron modulator power wamcreased bywice, the
30-MW Klystronsreplaced by50-MW klystrons,and if
pulse compressors (SLED: SLAénergy doubler) used.
1 INTRODUCTION Including newly fabricatedones, 58upgraded accelerator

. . moduleswere so far constructeahd the number of the
KEKB includes an 8-GeV electron(eing and a3.5- remaining modules to be installed is only one.

GeV positron (& ring, which has beennderconstruction

The KEK/PF 2.5-GeV linac has beeipgradedsince
1994 by upgrading the existing linac as welleatending
it towards the upstream site. It habeen almost
completed and commissioned during MaydJune, 1998.
This papersummarizes the construction statasd the
beam performance of the new injector.

since the TRISTANacceleratorwas removed. KEKB summer winter annual
aims at a luminosity of 1 x 26 cn2s® with collisions -FY1994 5
between 1.1-A electrons and 2.6-A positrons. EFY1995 7 7
One of therequirements ofthe injector linac is to EFY1996 12 15 27
deliver full-energybeams for both rings. The other is to FY1997 12 6 17
increase the positron beam intensity to 0.64 nC (4% 10 FY1998 1 1
particles) /bunch with a repetitiorate of 50Hz. This total 58

positron intensity is ten-times as much as what the old
linac produced, andvhen the beamcould be injected Among 58 acceleratormodules, the SLEDsare not
without any beam loss, it takes 13.5 minutes tgsed inthe most upstrearmodule (pre-injectorand the
accumulate from 0 to a maximum charge of | &6, since accelerator module just aftére positronradiator, inorder
the KEKB ring has a circumstance of about 3 km. to avoid any troubles due to electric breakdown.

In order toachieve these requirementlge linac has ]
been reconstructeahd expandedl]-[3]. For theenergy 2-2 High-power klystrons and modulators

upgrade, the number of accelerator modulesin@sased The newly developed50-MW klystrons are compact,
from 40 to 57, as well as thaccelerationgain of each size-compatible with the old 30-MWKlystrons. They
module from 70 to 160 MeV. Theald positrongenerator npaye peen satisfactoriffabricated andnstalled according
wasmoved to ahigher energypoint of about 3.7 GeV g the schedule described above.
from 0.25 GeV in order to increase the positron intensity. Forty-seven Klystron modulatoraere improved to
double the pulseenergyand 11 modulatorswere newly
2 CONSTRUCTION produced. The high-voltages applied to the klystramee
The KEKB injector has beerconstructedsince FY tuned sothat the pulse width is 3.[ds with ripples less
1994 as dive-yearprogram. Reconstruction of the oldthan 0.3%. The high voltage contrahd the interlock
linac was finished by theend of FY1996; thelinac monitor are made using programmable logic controllers.
expansion wasconstructed duringFY1997 and the During the linac commissioning in Magnd June
combination with the old linac wasompleted bythe end 1998, the klystrons were operated at 25 pps and the output
of FY1997 (March, 1998). power was38.6 MW in average of 55moduleswith
SLEDs; and corresponding calculated no-loatcelerator
gain was 164 MeV /module.
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All the acceleratomoduleshad been conditioned up to needleusing solenoid. Theadiationfrom the SLEDs is
about ten-percent higher peak povwardthe trip rate was sufficiently low and the shielding is not necessary, though
low during the beam commissioning, ex., 0.31 thereareseveralSLEDs with relatively higheradiation.
times/klystron.hourduring June 7 to 13. Since theThe tuners and the detuners are also well working.
operation started, two klystrons hbeenreplacedowing
to trouble in the outpuwindow and the gun cathode,

respectively;and 4 more Kklystronsare to be removed  About seventy 2-m sections, which arev2mode
during this summer shutdown inorder to tune the traveling-wavestructures,were fabricatedusing electro-
focusing field again. plating method. One of them weested up to 3&V/m
(21 MV/m is operational), where any limitation was not
found. By the linac ammissioning, all of the new
The low-power rf systems have been extensiveBections were conditioned without any problem up to
changed for the KEKB injector [4]. In order tomore than the operational gradient.
synchronize the linac beam with the ring rf buckets within An accelerator section used just after the positron
a requested precision of +-30 ps, the common factoesliator is one meter long; the input coupler has two
between the linac and the ring rf frequencies were searchgahmetric coupling holes in order to reduce electric field
under the condition that the linac frequency was fixed aagund the coupler and the input waveguides. This section
considering the ring rf bandwidth. The highest commadn operated in the solenoidal magnetic field of 0.5 T and
factor was consequently chosen to be 10.38545 MHed by an rf of about 30 MW, 1is without a SLED,
which is the 275 (11 x 5 x 5) -th subharmonic of the linasroducing an acceleration gradient of 17 MV/m. Rf
rf as well as the 49 (7 x 7) -th subharmonic of the ring ¢bnditioning for the accelerator sections used in the
(508.8872 MHz). This means the linac beam and the ringagnetic field was carefully performed. Consequently the
rf bucket are synchronized at 10.38545 MHz. klystron trip due to electric breakdown was hardly
The subharmonic bunchers (SHBs), which produesperienced during the commissioning for the positron
single bunch beams from the gun beam pulses withb@am in June. This was a drastic change from the four-
width of about 2ns, are to be operated at the fifth (57 1nZeter sections which had been used in the old positron
MHz) and the 25-th subharmonic (114.24 MHz). For thsburce.
former rf, a 10-kW solid-state amplifier was newly o
fabricated, however, for the latter, an old amplifier using:> Pre-injector

vacuum tubes was still utilized with slight improvement.  The KEKB injector requires the pre-injector to produce
The frequency of a master oscillator was chosen to %Qﬂe bunches with a bunch length of about 10 ps
the fifth subharmonic (571.2 MHz). Using an optica{,:WHM) and a charge of more than 10 nC. The gun is
fiber cable, the linac fundamental rf (2856 MHz) igple to emit pulsed beams with a pulse width s 2
transferred from a main-booster to sub-booster statigns (FW) and a peak current of about 10 A. In order to
located at the upstream of every 8 accelerator modules. compress the gun beam to the single bunch beam, a
For the SLED system, the sub-booster rf drivgi4 24-MHz SHB and a 571.2-MHz SHB were installed
systems were improved so as to inverse phase at the 1a§i8hre the 2856-MHz bunchers. The gun beam energy
part of the rf. The switching time is changeable. Duringas jncreased up to 200 kV (100 kV in the old electron
the rf conditioning, it was set around 200 ns in order ifhac) for suppressing spe charge effect on the basis of a

avoid the rf breakdown. computer simulation. The pre-injector showed a good

Sub-booster klystrons were raped by newly pegm performance in the commissioning.
developed 60 kW klystrons in order to drive 8 klystrons

instead of 4 klystrons in the old linac case. Thegk6 Positron production
klystrons are water-cooled. During the commissioning,

the correlation between the rf phase shift and the COOI'?gblace 4-m accelerator section by shorter sections. In the
water temperature was StUd'e.d. and measured 1 deg /Qglp injector, two 1-m sections and two 2-m sections
deg.C_. The temperature stability for the rf systems _h\%re installed and rf pulses with shorter width are to be
been |mpro_ved_t0 be arou_nd 0.2 deg. by changing COOI'QQG. This improvement was very effective for stable
tour fan switching to continuous control of a 2-way valVGOperation of the positron beam. The electron-to-positron
2.3 SLEDs conversion rate normalized by the incident electron energy

was about 3.3%/GeV at the end of the linac.
So far 55 SLEDs has been operated. These SLEDs

are of two-hole coupling type and are modifiedonder to 2.7 Beam Instrumentation and control
facilitate handling in the existing linac: the tuner with
smooth adjustments with theecessaryesolution (2 kHz
in resonant frequency); the drive mechanism ofdbiginer

2.4 Accelerator sections

2.2 Low-power rf systems

The main improvement for the positron source was to

One of the great progress of the KEKB injector from
the old injector is to have developed a beam instrumenta-
tion system based on beam position monitors (BPMSs)
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which were installed at every location of quadrupole 3 BEAM PERFORMANCE
magnets [5]. The BPMs were widely utilized to tune linac

beam in such cases as orbit correction and dispersion ' N€ linac commissioning wazarriedout asscheduled

correction of the linac beam transport system. in May andJuneand the resultsnear tothe designwere
The BPMs comprises stripline-type beaposition ©ptained as follows:

monitors and associatecsignal analyzing systems. For

solving man-powerproblem todevelop adataacquisition electron positron

system, 17 digital sampling oscilloscopes, whéca of 5 dsgn achvd dsgn achvd

GHz, 2 ch,and communicatedvith a VME computer, ~ €neray (GeV) 8 >8 3.5 >4

were distributed everpalf of the linac sector (typically ~ charge (nC/bunch) 1.2 15064 0.6

38.4 m). The signalarecombined by combiners so that €nergy width (% Fw) 0.5 - 0.5 0.8
emittance (&, mm) 1.1 - 16 23

eachpeak isnot overlappedandtheir peaksare measured

using the oscilloscope functiorand analyzed bywME.

The position signals for one beam pulse are measured by & remarkable feature dhe linac commissioning was

beam-triggersignal distributed tothe monitor station. Use of the beam instrumentation systend SAD

The position information from all BPMs ignewed every (strategicaccelerator designjomputers in various stages

1.4 second at present. of the beamuning. Especially it was indispensable to
The other important monitor is sireak-cameraystem  tune high-current electron beams for positron production

to observe the bunch structure of the linac beam [6]. TW&ile suppressingneittance growth.

streak-camerasystem was alsaised in the old linac.

However, it wasnot so easy to handle, because it 4 SUMMARY

consisted of separate devices, such as an op§ism, a (1) A linac upgrade was almost completed. A tetagrgy

trigger and its delay system, a synchronization circuitof more than 8 GeV and average module gain of more than

betweernthe triggerandthe rf to reducetrigger jitters, as 160 MeV (20 MeV/m) were obtained.

well as a streak camera proper. FurtherCherenkov

light emitted by a beam wassed as dight sourceinto a

streak camera; therefore,has for a long timéeenused

only for experiments. (3) To achieve a completperformance inthe KEKB
Newly developed streak-cameraystems are more commissioning, the remaining issues, such aslittee

simply arranged,computer controlledand they utilize alignment checkreplacement ofthe old devices, and

optical transition light (OTR) emitted from a metalrror  preparation for the50-Hz operation, is to bestill

which can beeasily inserted tothe beamline. Thu$our continued during this summer.

streak-cameras weiiastalled after the pre-injector,after

(2) A positron beam near to tldesign quality hakeen
achieved.
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2.8 Linac Alignment
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