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Abstract The equation (2) indicates, the peaks appear evéy,1/

h lop of th ks giespE Z 2
A wide-band pick-up, which is mounted on the wall ogir:ritbuetis:\/e op of these peaks givexp( 2 L0, 1)

waveguide between the klystron and the RF cavity, has
been developed for measuring beam spectra in KEKB. The

spectrum between 5 GHz and 20GHz is taken to calculate

the bunch length. And the synchrotron ibation is Bunch Length Measurement
observed as the side band of revolution peak. The bunch 0 T
Fundamental Used data region
length and synchrotron frequency are measured under the Mod (Bunch Length Measurenj
different momentum compaction factoss and different :
total RF voltages Vc. Measured bunch length is compared
with the measurement of streedmera.
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1 INTRODUCTION

The KEKBI[1], an asymmetric electron-positron collider
consists of a 3.5 GeV positron storage ring (LER) and an
8.0 GeV electron storage ring (HER). The bunch length is
expected to affect the KEKB luminosity. And the accurate
bunch length measurement [2] is very important to
understand the intra-beam scattering effect in the stored
electron (positron) beam. Beam spectrum monitor is

installed to measure the bunch length and to observe
longitudinal beam oscillation.[3][4] Figure. 1: Beam Spectrum measured at the KEKB LER

through the high power RF waveguide system and the
expectedspectrum of the Gaussian beam.
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2 BUNCH LENGTH MEASUREMENT

PRINCIPAL Figure.1 shows the spectrum of the positron beam at
The bunch length measurement is based on the sped¢&KB LER. No frequency component can be observed
analysis of the beam-induced signal in the RF cavitfelow wave-guide cut off frequency. Then the
When the Gaussian bunched beam pass through the Rrdamental mode appears at 508MHz. Between 508MHz
cavity everyAT sec, they mduce gjnal at the time t, and 5GHz, only higher order mode components of the
w _(t-nBT)? fundamental frequency are observed. This is because the
f(t)=aDZe 2o (1) cavities absorb the signal of this regionbo%e 5GHz,
— the wavelength of the signal is much smaller than the size

Where 0, =0,/C, 0, is the bunch length, C is the Of wave-guide, so _that a}lmost a!l components  pass
speed of light anda is the function of bunch current. through the wave-guide. Using the signal spectrum in this

Their frequency spectrum is given by the Fouriefg'og\;thte buncfhtlﬁlngth |fhczlgulzattr(]ad. i b
transform of equation (1). n advantage of this method is the system can observe

the wide-band beam spectrum from 5GHz to 40GHz. The

F(w) :;Iw f(t) @“"dt distortion of the beam spectrum is much smaller than that
v2or of button electrode and cable system in this frequency
a & _(t=n@T)? region. This makes it possible to place theitidier
=2 ZI“e 20¢ @olgr -2 outside of tunnel and to observe the bunch length directly
2O =0 by looking at the longitudinal beam spectrum. And it is
aly, o e also possible to observe other beam oscillation such as
=t 2 Z g @niar synchrotron oscillation or other beam insliajp
201 =
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Another advantage is no special hardware except for smiasolution of the bunch length measurement is about +-
pickup is necessary to be installed. And this system carm?5 %. The bunch length calculated from spectrum
be used at other accelerateesily. analysis is compared with the streak camera measurement.
(Figure 4)
3 MEASUREMENTS AT KEKB

The RF accelerating frequency of the KEKB is Bunch Length Measurement
508.887MHz and approximately 5120 buckets of particles
are designed to be stored with 2nsec spacing. The beam
spectra have beafbserved at bothngs.

3.1 Setup

The wide-band pickups are mounted on the wall of wave-g
guide between Kklystron and the RF cavity in KEKB. The 2
spectrum analyzer analyzes the signal extracted througl§_ -40
the wide-band pick-up. Several kinds of pickups thatwn
should have flat frequency response at the region betweeg -50
5 GHz and 40GHz, were investigated [5] using the §
MAFIA simulation code and Network-Analyzer test bench. @ 60
Finally a strip line type pickup was chosen.(Figure 2) In

order to avoid the coupling of the fundamental component,

the strip line is installed parallel to the microwave -706 8 10 12 14 16 18 20
propagating direction. In this installation, neither the

o 7mm (Calculation)
A 9mm (Calculation)
—e—Measurement (HER 516mA
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electric field nor the magnetic field of TE10 mode is GHz .
coupled. Figure 3: Frequency component picked up every 127MHz.
And expected spectrum of several bunches length of the
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Figure 2: A strip line type pickup mounted on the wall o
high power RFRwave-guidesystem
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3.2 Bunch length measurement

The electron (positron) beam is filled in every 3 or -
buckets in 2002-year luminosity run. More than 100
bunches are stored gach ring. The monitor measures ar
average bunch length of these bunches. When the posit 0
beam is filled in every 4 buckets, peaks are observed ev

127.22 MHz (=508.887/4 MHz) on the spectrum analyze Bunch current (mA)

Peaks between 5GHz and 20GHz are taken and used~igure 4: Comparison of the bunch lengteasurement
calculate the bunch length. Figure 3 shows picked uy the strealcamera and by thepectrum analysis

peaks and expected beam spectrum of the several bunch
length. Assuming Gaussian time profile of the beams-3 Synchrotron frequency measurement

picked up data is fitted with two parameters, thech  The |ongitudinal coherent oscillation of the beam is also
length and the bunch current. More than 100 points &gserved from the spectrum. The synchrotron frequency
used for fitting. As show in Figure 3, it seemsoegh s observed as the side band of revolution peak. One of the
sensitivity to determine thieunch length. Once the bU”Chpeaks around 6GHz was picked up and zoomed up. Figure
length  measurement is calibrated Dby the othef shows the 2kHz synchrotron oscillation side band. And
measurement, such as streak camera, we can determingthgso shows unknown beam dkation aound the 15
transfer function of the cavity and waveguide system. Th@jz Thus when the instability occurs, this monitor

Bunch Length ¢ (mm)
BN

0 0.2 0.4 0.6 0.8 1

1934



Proceedings of EPAC 2002, Paris, France

would be very useful to observe the strength and frequenogreased from 6 MV to 6.5MV, it should decrease the
of the instability. bunch length 4 %. As shown in Figure 6 and Figure 7,
the bunch lengtiechanged as we expected.
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Figure 8: Total Vc andx dependence of Synchrotron
frequency

Beam Spectrum (dB)

Figure 8 shows the change of synchrotron frequency under

these conditions. When we try to chamgeand Vc to

decrease the bunch length respectively, the synchrotron

frequency moves opposite direction. By using two method
kHz same time, it is possible to decrease bl@ch length

Figure 5: Synchrotron oscillation Side-band at KEKBvithout changing the synchrotroreduency.

LER

4 CONCLUSIONS

The longitudinal coherent motion of stored electron
(positron) beam was observed through high power RF
f— | : O wave-guide system in KEKB. Strip line type of wide band
oL . e pick-up is mounted on the wall of wave-guide. Using the
5GHz to 20GHz beam spectrum, an average bunch length
was calculated. Synchrotron oscillation frequency also

LER Bunch Length (RF Waveguide) LER Buach Lexgth (Sweak Camera)
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2 *Lova (2B8x107) 2 Low & (282107

o & G431  Hommal & 3.4x10°) measured from the beam spectrum. The bunch length and
RN L B ot oy synchrotron frequency are measured under the different

momentum compaction factor and the different total RF

Figure 6: Bunch_ength compaction factodependence voltage. They are consistent with the expectation.
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The beam-beam simulation indicates 10% decrease of the
bunch length gives 10% increase of the luminosity. The
bunch length is measured under differentoptics and
different Total Vc. The momentum compaction factor is
decreased from 3.4e-4 to 2.8e-4, this 20% decreaseiof
expected to decrease the bunch length 10%. Total Vc is
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