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Abstract

Therapidinjection of positrons into the KEKB ring is
one of the most criticd issues affecting the accumulaion
of the integrated luminosity. The KEKB linac has until
now injected single-bunch positron beams with a charge
of about 0.4 nC into the KEKB ring, requiring severd
minutes of injection time. In order to make this positron
injection time as short as possible, we have introduced a
high-intensity, two-bunch accderaion scheme in the
primary dectron beam for positron production, which
could eventudly double the positron intensity and have
the injection time. The bunch sepaaion has been
determined to be 96.29 ns, taking account of the SLED
pulse wicth at the linac as well as the common frequency
(10.385 MH2) of both the linac (2856 MHz) and the ring
(508.887 MHz). Thefirst beam test results are reported.

1 INTRODUCTION

In high-energy factory machines, like KEKB and
PEPII, it is strongly required tha the beam-injection
time be a shot as possible for the dfective
accumulation of the integrated luminosity [1]. In order
to improve the injection time, we must primaily
incresse ether the beam intensity or the bunch number in
theinjector linac. In the case of the KEKB linac, where
a high-intensity single-bunched beam is accderated to the
positron production  target, the singlebunch chage
amounts to about 10 nano Coulomb [2], which is amost
the limit of stable accderation without introducing any
method of specid cures. We therefore doubled the bunch
number to increase the positron beam intensity per pulse
andto havethe injection time (Table 1). The results of
the first accderaion and injection tests as wel as the
two-bunch acceleration scheme are described.

2 TWO-BUNCH ACCELERATION

2.1 Scheme

The generation [3] and accderation of two-bunch
beams is schematicdly illustraed in Figs. 1. The man
constraints for doubling the bunch number are:

*  Thebunch intervd time must be 96.29 ns, which
corresponds to the common peiod of the
frequencies of the linac and the ring. This is due
to complex frequency rdations (Table 2) between
the linac and the ring.

* Loadng compensation should be caried out
within a SLED gan curve (Fig. 3) in order to
equalize the two-bunch energies.

Table 1: Injection time for KEKB (Example)

Present Full Injection
LER 0.4 ->0.7 A 2.1 ->2.6A
HER 0.43 ->0.58 A 1.0 ->1.1A
Physics Run 90 min 20 min
I njection/day 14 times 53 times
LER
Single Bunch 3.8 min 6.4 min
(1.3 mA/s) (1.3 mA/s)
[2 min] [3.3 min]
[Two Bunch] (2.5 mA/s) (2.5 mA/s)
HER 1 min 0.7 min
(2.5 mAls) (2.5 mA/s)
Beam 3-4 min 3-4 min
Switching
/ Others
Total 8-9 min 10-12 min
[6-8] [7-9]

Table 2: Various frequency relations.
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Figure. 1: Two-bunch generation and acceleration.



Multiple  Frequency  Period
[MHZ] [ns]
Common Fregquency 1 10.38545 96.28
4 9
SHB1 11 114.240 8.754
SHB2 5*11 571.200 1.751
Linac 5*5*11 2856.000 0.350
Ring ™7 508.887 1.965
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Figure 2: SLED gain curve.

2.2 Bunch Profiles

For steble accderation of the two-bunch beam it is
farly important to have the same bunch profiles for esch
bunch a the exit of the bunching section. Figure 3
shows the results of stresk-camera messurements by
utilizing the opticd transition radation (OTR) generated
from a thin piece of metd inserted into the beam line a
the exit of the bunching section, indcating tha two
bunches have almost the same bunch profiles.
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Figure 3: Two-bunch profiles.
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2.3 Orbit and Chargein Acceleration

A two-bunched beam with admost the same bunch
profiles was successfully accderated without any
conspicuous beam losses to the positron production
target, yiddng dmost the same number of positrons for
each bunch, which was accd erated to the end of the linac.
Figure 4 shows the orbit and charge of the two bunches

accderaed dong the linac. We have so far achieved
successful accderation of two-bunched positrons with
charges of 0.4 — 0.5 nano Coulomb & the end of the
linac. Fine-tuning is under way.
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Figure 4: Beam orbit and charge.

2.4 Twiss Parametersfor Positron Beam

The twiss parameters of two-bunched positron beams
were measured & the end of the linac using wire scanner
monitors, which were instdled a adjacent positions with
gopropriae betatron phase advances. The results confirm
that each bunch has the same twiss parameters, assuring
proper matching to the beam-transport (BT) line to the
ring. Figure 5 shows an example of the wire-scanner
measurements.
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Figure 5: Messurements of the twiss parameters of
positron beams & the end of the linac by wire
scanners with three wires: horizontd, 45 degree and
vertical.



3 INJECTION TEST

After passing an energy compression system (ECS)
located a the end of the linac, a two-bunched beam was
guided in the BT line to the KEKB positron ring (LER).
Since the system of beam-position monitors in the BT
line ae beng reconfigured for two-bunch beam
measurements, the beam orbit dong the whole BT line is
still unchecked, except for the charge intensity of each
bunch a the end of the BT line Regadess of these
situations, we dared to try injection into LER to find out
if there are any essentid problems concerning the two-
bunch injection scheme.  To begin with, we injected just
two bunches into LER, confirming a bunch intervd of
49 buckets in the ring. We then tested a specid fill
pattern of 64/4/4 (234*2), which means 64 trains with 4
bunches in each train and 4 rf-bucket spacing, amounting
to a totd bunch number of 234*2=468 in the ring.
Figure 6 shows the bunch current distribution messured
dong thering (totd current of 100 mA), which indcates
two groups in esch tran correspondng to two-bunch
injection. The intensity dfference between two groups
may be patly atributed to tha of the injected beam &
the end of the BT line, which is expected to be improved
after correcting the BT orbit.

We will continue the injection tests with more
realistic fill patterns for high-luminosity experiments.

4 |SSUES

The remaining man issues for two-bunch operation

arethe following:

» Fineadusting of the two-bunch beam orbits a the
bunching section, which could assure a wel-
behaved orbit downstream.

e The devdopment of a new orbit-correction
agorithm for two bunches; one example (average
minimum algorithm) is shownin Fig.7.

e Simultaneous beam diagnosis for two bunches in
both wire scanners and beam-orbit measurements,
which is being prepared.

e A more sophisticaed feedback system for
equdising the energy and orbit of two bunches,
which is definitely necessary for stable operation.

e Complicated bucket sdection system for two-
bunch injection, which is due to the non-simple
frequency rdations between the linac and the ring
(Table 2).

With dl of these items resolved, we expect the stable

operation of two-bunch injection into LER in FY 2001.

5 CONCLUSIONS

Two-bunch accderdtion & the KEKB linac has been
successfully carried out as well as thefirst injection tests.
Each bunch profile of two-bunched primary dectron
beams for positron production was investigated a the end
of the bunching section, while an intense two-bunched
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Figure 6: Bunch current dstributions dong LER,
when two bunches are injected with a specid fill
pattern of 64/4/4(234*2). Two groups in a tran
correspond to two-bunch injection.
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Figure 7: New orbit correction method based on the
average minimum of two-bunch orbits applied to
the primary electron beam for positron production.

beam with a charge of 7 and 8 nano Coulomb each was
accderated to the positron production target. A two-
bunched positron beam with a charge of 0.4 — 0.5 nano
Coulomb eech was then accd erated to the end of the linac.
The first injection test was performed with a specid fill
pattern, confirming no conspicuous problems for the
two-bunch injection scheme.  Further finetuning with
more sophisticated beam dagnostic tools is in progress
as wdl as the devdopment of a new bucket sdection
system for injection.
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