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Abstract RF frequency isabout 120.9 MHzand the harmonic
number 7. Electron beam of 308 MeViigectedinto the

The R&D of single-pass beam position monitod&ng  ring from the Electron Synchrotron (ES) which belongs to
carriedout at SOR-RING, &00-MeV electron storage the Tanashibranch of KEK. The injected beam is

ring. The bunch signals from four buttalectrodes are 5ccelerated up to 500 MeV and then stored.

directly fed into a 4-channel digital oscilloscope through gOR-RING has four BPM's (BPML1 - BPM4ixed on
semi-rigid cables. Thedigiized data aresent t0 & yacuum chambers of quadrupole triplets [3]. BPM consists
workstation for the beam position calculation. Theyf four pickup electrodes of abutton type. The BPM

relative accuracymuch less than 0.1 mm haseen gystem is usually used for C.0.D. measurement [4].
obtained with this system.
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The project for constructing third-generation vacuum
ultraviolet and soft X-ray synchrotron radiation source,
VSX Light Source, is being planned by the University of
Tokyo. In the fiscalyear1997, abudget for preliminary
study of the facility hasbeen appropriated by the
government. Theacceleratorschemeconsists of a300-
MeV linac, a 2.0-GeV booster synchrotrand a2.0-GeV
storage ring. The storage ring has a circumference of about s
390 m and an emittance of 5 nm-rad [1].

Single-pass measurement of beam position are
expected to play an important role in commissioning and
tuning of theacceleratofacility. A program todevelop a
single-pass monitor system wusing a fast digitizing
oscilloscope isunderway at 500-MeV electron storage
ring, SOR-RING, in collaboration with thd>hoton

Factory (KEK-PF) [2]. In this paper, we report the signal o
processing of the single-pass measuremamd some
recent results of the position measurement at SOR-RING. Figure 1: Plan view of SOR-RING.
2 BPM SYSTEM In the beam transport (BT) lingetween ESand SOR-

SOR-RING is the first storage ring in Japamdalso RING, there are three BPM’s of abutton type. The
the first light source inthe world for the dedicateduse of detaileddescription of the BPM’s at BBppears inRef.
synchrotron radiation from the beginning. Its constructiof2].
was completed in1974. The operation for synchrotron

radiation experiment has been terminated atetivk of the 3 PERFORMANCE
fiscal year 1996, and it is now operatedon_ly for the For the single-pass monitoring, the bunch signals
accelerator study and R&D's of the VSX facility. from four buttonelectrodes are directlfed into a high-

Figure 1 shows a schematic view of SOR-RING. It igpeeddigitizing oscilloscope through semi-rigidoaxial
17.4 m in circumference andonsists of eightoending  caples (The cable for the ring is 2 m loagdthat for the
magnet (B1-B8) and four quadrupdtiplets (Q1-Q4). The BT |ine is 20 m long). Thecable attenuation is 30
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dB/100m at 100 MHz. The digitizing oscilloscopeFigure 3: A comparison of relativeccuracybetween two
(Digital Real-time Oscilloscope, TDS684A by Tektronix)data processing methods.
has fourindependentinputs. Each channehas a 8-bit Figure 3 shows a comparison of relati@ecuracyc
digitizer with a maximum samplingate of 5Gsamples/s between two methods. The abscissa is the numbdataf
and ananalogbandwidth of 1GHz. A maximumrecord points N. Since the time span is 10r@d maximum
length is 15000 points per channel. Tdigitized data are samplingrate ofthe digitizer is 5 Gsamples/s, thelata
sent to a workstation (HP715) by GP-IB interface bus, anwdth N, more than 50 were interpolated in the
the beam position is calculated from the intensities of fowscilloscope. The relativeaccuracy becomes almost
button signals. The time duration of the button signal bgonstant more than N-250. In this measurement, it is
a beam bunch at SOR-RING is about 3 ns, so that tbenfirmed that the integration methodjives higher
sampling rate is fast enough meeasureghe waveform of accuracythan the peak-height methods. Taecuracy of
the signal. the integration method more than N500 seems to be

To calculate the bearposition, the following two limited by the 8-bit resolution of the digitizer.
methods ofdataprocessingvere adoptedThe intensities
of the button signals wembtained from (1) peakeights 4 BEAM POSITION MEASUREMENTS
of the signals ( Thepeak height method) or (2)peak
height of anintegrated waveform ofhe button signal ( 4.1 Measurement using RF combiners
The integration method ). Time span of the oscilloscope
was set to 10 nandthe number of samplingatapoints
N, in the span was varied from 50 to 2500.

The relative accuracy of beam positions wesémated

We measuredhe beam position at four BPM’s of
SOR-RING using RFpowercombiners. Figure 4 shows
the schematic of the single-pass monitoring system with
the RF combiners. The four button signals of ther

at a low beam current less than 5 mA in the simglech  gp\y's were combinedindthen recorded infour channels
operation of SOR-RING. Figure 2 shows teasured f the oscilloscope. The same method is adopted in
accuracy for the integration method; horizontal and verticgls pg ring [5]. In thease of N=500, thedigitizer can

deviations from theaverage values are plotted. The ¢i5e g timerange of 0.3 Ws in maximum. As the

number of samplingdata points N is 500. Standard e\ |ytion time of the SOR-RING is 57.8 ns, about 5
deviationso less than 0.1 mm has been obtained. turns of bunch signalgan be stored inthe digitizer

- 200F memory.
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Figure 2: An example of relative accuracy. o [
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EO.lO A NS o Figure 5 shows the measured button signals of 5 turns
o g‘g\\\‘_‘::::‘ i in the single bunch operation of SOR-RING. beam
0.05 e = Q currentwas less than 5 mA for this measurement. The
distance betweetwo adjacent BPM'’s is4.35 m and the
0.00 time interval between two signals from adjacent BPM'’s is
50 100 1000 5000 about 14.5 ns. As the time duration of a button signal is a
Number of sampling data points (Ns) few ns, the signals from thdifferent BPM's werewell

separated eachther. Thecalculatedbeam positions are
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shown in Fig. 6. Thedotted lines are measured beam
positionsandthe solid linesare the deviations from the
average of Burns. Theaccuracyusing RF combiners is
well agree with the results of Fig. 3.
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Figure 5: Themeasuredutton signals of 5 turns in the
single bunch operation.
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Figure 6: Themeasuredeam positions of 5 turns in the
single bunch operation.

4.2 Beam position of the BT bunch train

308-MeV electron bearaxtractedfrom ES isinjected
into SOR-RING with a repetition of 1 Hz. THaeam
positions at the BT line wemmeasured byhe single-pass

5 SUMMARY

The single-pass monitoring system usinigh-speed
digitizing oscilloscope has been tested at SOR-RING. We
have obtained the relative accuracy less thhdnmm. The
system must be useful enough for the commissioning and
tuning of the VSX accelerator facility. In the VSXorage
ring, in which 128 BPM'’s will be installed, at least 8
BPM'’s will be used as the single-pass monitoring system
with RF power combiner.

Figure 7: An example of the measured position®wafch
train at the BT line.
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monitor system. Figure 7 shows an example of the
measured bunch train at one of the three BPM’s of the BT

line. 12 bunches were extracted from ES by thelfaker
magnet.
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