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Abstract rf signals from théPUEswith the“slow” BPM. We describe
the design and operation of the new monitor.
A "fast" beam position monitor capable of measuring the
position of a circulating bunch in théUV electron storage Il. PUE SIGNAL PROCESSING
ring ispresently under developmentthis monitor willcollect
data at a _rate Qibou_t 6 x 10 mea_surements/sec.per channel. Thevoltagesignal from aring PUE for asingle bunch (14
We describehe desigrand operation of the monitoand the mA, shortest bunch length=162 psec) circulating in the

processing of the acquired data. VUV ring acquired by a real-timascilloscope is shown iaig.
la. The Fourier transform of this waveform in Fig. 1b
|. INTRODUCTION demonstrates thieigh frequency response of these electrodes
and showsthat thespectral content of this signal lies in the
TheNSLS VUV electron storageng typically operates at range between a few tens MHz and 2 GHz. When the
800 Mev with a peak stored current of approximately 800 mA
In the ring,electrons may be stored in apgttern consisting
of up to ninebunches (harmonic numbke9). Theposition
of the beamorbit is continiously maitored at 24 locations
around the ringircumference with dedicatddgh resolution 05+
beam position monitorRFBPMs) whch process rf ignals =
derived from button pick-up electrodes (PUEs) embedded-*
the machine vacuum chamber wall [1]. These RFBPN=_, L -
measure beam motion in the frequency range from DC
about 2 kHz, so that their output represents an aver:
position of the beam at the PUEs over many revolutiol
around the ring. RS ; . E , ]
Since many important phenometaur at onear theoeam 0 1 L. [nsef] 4 A
revolution frequency, which ithe case ofthe VUV Ring is
approximately 5.9 MHz, a single-turn beam position monit ' ~ ‘ ' =00
(STBPM) capable of making a position measurement durin 0.030
single passage of a bunch past a pick-up electrode static ¢.g25
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during manysuccessive passagestbé same bunch is now . =
under development. In th&UV Ring, STBPMs will be used %0020 g
to study(a). closed orbit fluctuations, (b). correlatibetween = 0.015 { dg =
orbit fluctuations, (c). growth and damping rates of transve = 5
instabilities, etc., as well as ithe optimization of injection =0.010 - %
system parameters during routine operations. 0.005 4 -100=

The “fast” monitor will process sub-nanosecond wi -
bipolar PUE pulsewith a wideband hybrid network to form 0r . g
sum and difference signals. These signals will 0 1 2 3 g R0 =
synchronously detected, integrataad therdigitized with a Frequency [GHz] B

very fast A to D converter. Beam position will be calculated

by dividing the difference bthe sum digitally. Due to the Fig. 1 A PUE signal (a) and its Fourier transform (b)

high revolution frequency, atawill be collected dung the

approximately 180 nsec long revolution period on one bungBquencydata is correctetbr the current distribution within
only. Toreduce errors the data due to additive circuit noisethe bunch, the resulting coupling impedance has a peak at
the output of the integrator will be sampled twitgingeach about 900 MHz and a zero at 2.5 GHz.

period (the second time when there is no signal) and thein order to process a set of four P&lgnals and maintain
readings will be subtracted. The “fast” monitor will share thgable gains and offsets, the differencing will be performed
directly on the signals, i.e. prior to any amplification, using
* ) 180 degree wideband rf hybrids [2]. The pregdsn is to add
Work performed under the auspices of the U.S. Departmgpbctional ouplers to the esting broadbandsignal cables

of Energy. and to provide 10 dB attenuated octave bandwith signals




is reset after the T/H acquires its output signal level and
DIRECTIONAL A . . t statetil iust . to th tart of th t
SUES COUPLERS v remains in a reset s il just prior to the start of the nex
— integration period.
J g L= Ay In the front end electronics sectisome noise is injected
=1 MONOPULSE LT into the signal path by the mixer aell as bythe integrator
[:lT] _ NETWORK | 4. e reset circuit. This additiveoise can beemoved from the
ol o output by sampling ilbetweersignal pulses tgield a noise
— ; signal measurement.
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Fig.2 Fast analog signal processing
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broadbandsignals availble tothe STBPM. This coupling
network and four-way hybrid are shownFig. 2. Allcables | ruse %}
betweerthe PUES, directional couplemnd thehybrid must | [
be carefully matched.

‘ LIMITER  |—{ SPLITTER
centered on 158.68IHz to the RFBPM while nkdng the f ]

SPLITTER
( ) ouT TO
X INTEGR, T/H AMPL.

L _ =

1. STBPM DESIGN RESET
Fig. 3 BPM analog section

A. Processing Electronics
B. Analog to Digital Conversion

The front end of the STBPM consists of two channels
which simultaneously process the difference and the sumin each signal channel, the track and hold amplifier
signals from the hybrid network. Each signal is firdAcculin AL-1210JR) acquires the integrator output signal in
stretched by a Gaussian filter from < 1 naéde to about 10 less than 10 nsec. This signal level is held by the T/H until it
nsec. The stretched bipolar pulses are synchronou§hprocessed bthe 12-bit A/D converter (Datel ADS-119).
detected, i.e. rectified bydouble balancechixer whose LO The A/D output data iseady in lesshan 80nsec after the
input isderived from the sum signal as shown in Fig.3. THdart of conversion. After the completion of the A to D
sum Signa] is processed by several Stages of hard |imitﬁ§f§1V€l’Si0n Cycle, the data is transferred to a FIFO buffer
before being used as the LO mixer input. The monopof@emory (32 Kpoints/channel). ThEIFO is interfaced to a
mixer output is integrated by a fast integrator whose outpufi§-486 processor operating in a VXI environment via VME
sampled by a track and hold (T/H) amplifier. The integaratBks interface.
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Fig. 4 Block diagram



C. BPM Operation

v —) |
To desribéhebasic mode ahe monitor operation, weill
refer to theblockdiagram in Fig. 4 and the timing diagram i ;. ™" =\ 1
Fig. 5. In Fig. 4, th&Rf/9 input is the master triggelerived
from thering acceleating system 2.88 MHz drive ggnal. Mixer TAA |
This trigger occurs once every bunch revolution period and’is POINT HELD POINT HELD
synchronized with the circulating bunch. The integrator resgl-- !
input, the T/H control signals and the start of conversionT ! !
pulse (SOC) are derived from the Rf/9 trigger and are / \ | / |
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appropriately delayed. IRNETSEEGTR ; |

At the beginning of a revolution period, as thfference J !
and the sum signals arrive at the inputs of the analog sectiglj, \ \ %

the integrator iseady to accept ainput. The sum signal is
constant in phase whereas the phase oflififierencesignal ,
depends on the position of theam relative tohe electrical conv. |
center of thePUEs. Bothinputs areequally stretched and
synchronously detected as described earlier. The al
process detects the phase of the input signal so tha
polarity of the sum signal will, for example, always be
positive while that ofhe difference signahay be positive or their growth and damping rates and the effect of these
negative. amplitudes on averaged beam properties. Data obtained via

Each of thaletected signals is integratadd the result is the Ethernet on variation of othgystemparameters will be
sampled by the T/Hind then digitized. Teeduce errors in used to determine their impact on the amplitudes of these
the readings introduced by switching noise in the electroniosgillations. Data from the closed orbit micro (from the
the integrator is reset and sampled a second tifREBPMs)will be used to cross-thrate the average value
approximately half-wayhrough thecycle when there is no and to look for slower fluctuations of the closed orbit.
signal. The second reading is subtracted from the first aftetDuring machinestudies periods, a fast bunch kicker will
digitization. Also, since the difference signals are beadnive the transverse oscillatiofts linear and non-linear tune
intensity dependent, they must be normalized by dividing byeasurements and damping rates as a function of systerm
the sum signal which, of course, is also dependent on fgegameters (e.g. chromaticity and sextupole sttgngAs
intensity. more STBM channels are installed, the data fRdEs at

The above sequence will be started and repeated fodifferent azimuthal locations around ttieg will be analyzed
many cycles as commanded by the PC up to maximdion simultaneous readings of the closest bunch. This will
available space ithe FIFO buffer. The mixer operation is yield important information on the modal structure of
self-correcting for variations itihe time of arrival of the input transverse oscillations [3]. If well defined modes are
signals and therecision ofall other timing signals is notobserved, they will allowhe source of beam impedanttet
critical in the operation of the monitor. drives the transverse coupled bunch motion to be easity

studied.
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Fig. 5 Timing diagram

D. Data Processing
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