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Abstract a 2856-MHz prebuncher and a buncher. Bhechedelec-

tron beam isacceleratedrom north to south, up to 1.5
The KEKB 8-GeV electron3.5-GeV positron injector GeV by 11 acceleratomodules, thendeflected 180
linac is almost completed and is nawdercommission- degreesandfurther accelerated irthe inverse direction up
ing. Recently, both a®-GeV electron beanand a3.5- to 8 GeV by 46 acceleratonodules. When the positron
GeV positron beam were accelerated to the lgvad This beam isaccelerated, gositron radiator is inserted at an
report describesthe currentstatus of these beams withenergypoint of about 3.7 GeV; then, intenggimary
emphasis on the newlgevelopedbeam monitors being electrons of about 10 nC/bunch hit the radiaod emerg-

used for various stages of beam commissioning.

1 INTRODUCTION

KEKB includes an 8-GeV electron-Yeing and a3.5-
GeV positron (& ring, whichare underconstructionafter
having removed the TRISTAMccelerator. KEKBaims at
a luminosity of 1 x 1& cm2s® with collisions between

1.1-A € and 2.6-A &. The first requirement of thdinac
is to deliver full-energy beams for both rings. T¢ezond
is to increasahe positron intensity to more thah64
nC/bunch. If the linac injects positrons withcharge of
0.64 nC/bunch at 50 Hz without any beam losdakes
13.5 minutes toaccumulate from 0 to2.6 A (the

revolution time is 1Qus). The linac bearparameters are  py|se |ength

summarized in Table 1.
For an energy upgrade, the numbercteleratomod-

ules is to bdncreasedrom 40 to 57andthe acceleration

gain of the module is improved from 70 to 160 Mea&th

by increasing the klystron modulator power, replacing the

30-MW Klystrons by 50-MW klystronsand using If
pulse compressors. For increasing the number

positrons, theold positron generatorwas moved to a

higher energy point of about 3.7 GeV from 0.25 GeV.
The new layout of the linac is shown iRig.1.
Electron beams from the gun dyenched byl14.24-MHz

ing positronsare focused and acceleratbdough therest
of the linac. The basic design details of the lifawve
been reported elsewhere [1, 2].

The linac has been in the process of beipgraded
since 1994. Reconstruction of the old liread construc-
tion of theextended 17cceleratomoduleswere indepen-
dently performed, and two linacs were combinethat end
of March, 1998.

TABLE 1
Beam parameters of the KEKB/&" injector linac.
Injection energy ® 8.0 GeV
(eh) 3.5 GeV
(e for et production) 3.7 GeV
single bunch
Bunch (half) width ¢7) 5 ps

Particle number (Charge) / pulsg(eB x 10 (12.28 nC)
€hH 4x1® (0.64 nC)

(e for " production) 6 x 180 (10 nC)
Pulse repetition 50 pps

oEmittance () (€)6.4 x 108 m.rad
(eh) 8.8 x 107 m.rad
Energy (half) width ¢g/E)(e, ") 0.125%

and 571.2-MHz sub-harmonic bunchers (SHBs), as well as
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Fig.1 Layout of the 8-GeV ¢ 3.5 GeV & KEKB injector linac. Forty accelerator modules of the old 2.5-GeV linac weezgy-
upgraded from about 67.5 to 160 MeV/module on the average; also, 17 new modules were added at ansiipsffeanold and

new linacs were combined during March 23 to 30, 1998.
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The electrons from the bunchesere energy-analyzed
2 COMMISSIONING using a steering magneind abeam-position monitor
(bpm); their emittance waseasured and matched to the
acceptance ofhe following beam transport. Thuapout
eighty percent of the gun beam wamchedand could be
accelerated.

Commissioning of theextendedpart was initiated in
October, 1997. The pre-injectand the acceleratormod-
ules before thd80-degree arc weteined. DuringJanuary
andFebruary, 1998, the linaarc was constructedand an
electron beam waacceleratedhrough theextendedlinac. —_—
After the extendedinac and existing linacwere combined
at the end of March, electron beams have lz@eslerated
through the entire linac.
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The first phase of pre-injector tuning was to transport .| ] DH o
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buncher entrance did not move when the beam energ " = v wrm o o T | drm

changed from 100 to 200 kV. Though the beam trajectory

to the buncher was improved, it was also found that this=jg 2 Bunch width at a charge of about 10 nC.

position might not be completely in accord with the

buncher center axis,ebause it was necessary to apply a .

steering coil at the entrance of the buncher. This point a2 Beam transport with a 180-degree arc

not yet been improved The linacarc is anachromaticand isochronousbeam
In order to smoothly tune the buncher system and

d inale-bunch b it frective t nsport comprising 6 dipoles, @uadrupoles,and 6
produce a singie-bunch beam, It was Very eflective to uggxtupoles. The energy acceptance is 3% at full width.
a streak-camera system. We have besproving it in

) ) o ) . The bpmswerevery important for tuning thdeam-
order to use it for da!ly beantuning n the I|n.a.c,_ like transport system. In the new linac, bpwereinstalled in
Vgl?g usmg dag OSIC'”tOSCOF:,e' Optlca: Itralmtsmdxghhth front of each quadrupole. lorder tosolve themanpower
( . ). emIted by electrons irom a metal piate, whic I[§r0blem todevelop adata-acquisition system, 17 digital
easilyinsertedinto the beamline, is utilized as thight sampling oscilloscopes (5 GHz, 2 cnd commercially
source tothe streak-cameraThe trigger-delay and syn- available) were distributed everhalf (typically 40 m) of
chronization systems wesssembled in the streglmera the linac sector. The signals from bpare combined by
proper,andbecamecontrollable by a personal computer .

combiners so that the signals fradifferentbpms do not
The developed streak-cam S anaccuracy of 2ps, and overlap each other, and are introduced tmscilloscopes
such necessaryfunctions as an automatic peakarch,

; . . controlled by a VME computer. The peak-heights are
!ntggratlon of the peaks arrangmgagh center of grav- measured using the oscilloscope functions amayzed by
itation, and remotg co_ntrol of the optical lens ;ygtem. the VME. The position signals for one beam pulse are

T.hl.JS’ one is installedafter the pre—lnject(_)r. measured by aeam-triggersignal distributed to the
Empmcally, a charge 'ofmore.than 1 nC{puIse 9VES monitor station. The position information from all bpms
sufficient light for seeing a single-shot signal withou

, is presently renewed every 1.4 seconds.
focusing the electron beam on the metal plate. The arc was tuned using alow-current beam of 2
Figure 2 shows the bunch width of the electb@am : :
. C/bunch, of which thesnergy widthwas 0.2%. The
with a charge ofabout 10 nC. The gun beam has a fu 9y ’

. o . ispersion pattern in tharc andthe dispersiorerror after
width of about 3 ns (an initial phase width of 1@€grees the arcwere measured bgpms while changing theeam

_at the entrance of the .1.1.4'24'MHZ S.HB)' By this SHB, gnergy. The isochronicity wameasured by a streak-
is bunched to 1 ns (dnitial phase width of 20@legrees camera athe exit of the arc. In both measurements, the
at the entrance ofthe 2856-MHz prebuncher). Weenergy dependencies were measured tipe@econdorder,

measuredhe single-bunch puntymdtunlng tolerance of anfd the errors were corrected using sextupoles.
the buncher components. For a high-current gun beam o _
10 nC /pulse, th@hase tolerance for the 114-MHz SHB2.3 Acceleration of an 8-GeV electron beam
is guite severe (severdégrees) at aimput power of 10 . .
kV\? which is th(e maxirgum )operatin% pgwer The full-  The first acceleration of @-nC electron bunch to 8
Wid,th at half maximum (FWHM) of the bunch width WasGev was achieved on April 27th, 1998, by employing 54
measured to be around 10 ps acceleratomodules. Theaveragegain of the module was

' more than 150 MeV. Due tthree acceleratomodules,

which have not yet been installeahd several modules
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which hawe not been sufficiently conditionedor phased, a normalizel positron emittance were 5.7 mm h the

sufficient energy margin was not obtained.
2.4 Tuning of a high-current primary beam

The mos difficult issue wa to accelerate ahigh-
current electron beam. &lbean aspet change when the

charg exceeded ThC/bunch. We could accelerate more

than 10 nC/burtt before the linac arc; however, séar, a
maximum & 7.5 nC/bund has been obtaing to the
positran radiator. The emittance wawmeasuredby the
waist-scan methodith a quadrupole and &ean screen.
The typical normalized emittances werel-thm after the
pre-injector (D MeV), ~03 mm at the 500-Mé&V point,
ard 0.6~1 mm before the arc Such emittane growth
dependedon the charg ard the bean orbit. At high-
current the beam ha two cores, which havdifferent

transverse/longitudinal positionard energies. These two

cores have already been observed dlfte bunche section.
The growh of the transvere position difference of the
cores ha been observedin the verticé direction andis
dependenbn the orbit The enery differene has been
observedin the arc In orderto suppress th emittance
growth, bumps of about 2 mm are tested (Fig.3).

2.5 Tuning of the positron beam

As of Jure 17, a maximun positra currentof 0.75
nC/bunch wa transportedo the endof the linac with a
primary electron beamf@bou 3 Gev and 6 nC/bunch.
This electron-to-posito conversim ratio slightly
exceeded what we had expected for the desadpe (10-nC

e to 0.64-rC et at the lin@ end);at present, neither the

primary nor positron beams are sufficiently stalaledthe
reproducibility is not vey good The one-sigma

horizontal direction and 3 mm in the vertical The
positran eneryy was more tha 4 GeV, ard the energy
width 0.5% at full width.

4 SUMMARY

(1) A linac electron energy 08-Ge/ was achieved.In
orderto obtain a sufficiert margin, two modulg will be
addel this summe ard incomplete rf conditioningard
phasing will be improved.

(2) A positron intensity neao the desig value has been
achieved. However, the stabjliird reproducibility issues
should be further investigated.

(3) Studies will still be conducted regardinghe high-
current primary electron beam.
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Fig. 3 Beam-positim monitar display The vertical axs indicae the horizonta displacemen (mm) verticd displacement
(mm) and charge/bunch (nC) from top to bottom. The horizontal axis indicates distance along the linac.
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