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Abstract. the beanposition monitor(BPM) system for theSLAC PEP-1I B Factory was
designed to measure the positions of single-bunch single-turn to multibunch multeams

in both rings of the facilityEachBPM is based onfour button-style pickups. Amost
locations the buttonswre connected to providgingle-axis information X only ory only).
Operating at a harmonic (952 MHz) dfie bunch spacing, the BPM system combines
broadband and narrowbandpabilitiesand providesdata at shigh rate. Theactive electronics
system is multiplexed for signals from the high-energy ring (HER) and low-energy ring (LER).
The system will be brieflgescribedhowever, the main purpose of the prespaper is to
present operational results. The BPM systagraratedsuccessfully duringgommissioning of
the HER (primarily)andthe LER over the past yeaResults to beresented includen-line
calibration, single-bunch single-turn resolution (<1@®n), and multibunch multi-turn
resolution (<3um), multiplexing, andabsolute calibration. Thus far, the system has met or
exceeded all the requiremenitsit have been tested. The remainieguirementswill be tested
when both ringsare completedand commissioned this summer. &udition, typical results of
beam physics studies relying on the BPM system will be presented.

INTRODUCTION

The PEP-IIB Factory (1) aSLAC is nearing the end of the constructpmase.
At present the high-energy riflER) is completeand is being commissioned. The
low-energy ring (LER) will becompletethis summer anthe commissioningphase
will continue.The beanposition monitor (BPM) syster{2) for both rings is also
nearly complete. All of the cables and active electronics are in place. As the last of the
ring components are installed, it only remains to connedBEhids. Since theactive
electronics are multiplexed between the HER BB&, much of thesystem for both
rings has been commissioned along with the HER.
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The PEP-II storage ringsre 2200 m incircumference and arlcated in a
commontunnel. Both rings use rf of 478IHz andfill 1658 buckets (evergther
bucket). The HER stores up to 1.0 A of electrons aiGeV and the LERstores up
to 2.1 A of positrons at 3.1 GeV.

The BPMsystem is required to measuhe positions ofmultibunch beam on a
turn-by-turn basis (136 kHz) and single-bunch beam injected in a 200 ns ion-clearing
gap. The electronicavork in both a narrowband mode, for multibunelnd in a
wideband mode, fosinglebunch. Asimple difference ovesum algorithm isused
for position calculation. A 952 MHz bandpdgter selects thgrocessing frequency
in multibunch and generates an rf burst in single bunch. The system bandwidth is set
at 10 MHz. Requirementsfor high accuracy and wide dynamic randed to
development of an on-line calibratisgstem whichcan operate in the presence of
beam.

In the nexttwo sectionsthe BPM system will bedescribed, withparticular
attention to the activelectronics.However, the mainpurpose of thigaper is to
present some ahe operationatesults obtained ithe commissioning. Finally, the
status of requirements not fully tested will be presented.

BPM SYSTEM DESCRIPTION

Button-style pickups (3) were chosen as the basteeoBPMsystem.There are
three basic types of vacuum chamber used in the rings, which necessitated somewhat
different mechanicatlesigns forthe buttons. Howeverall buttonsare 1.5 cm in
diameterand have nearlydentical electricalcharacteristics, 5@ impedance and
2.6 pF capacitance. Thehapes othe vacuum chambers in tla@cs of both HER
and LER and the necessity to avoid siyachrotrornradiation fan led to placing the
buttons on the diagonal rather than the vertical and horizontal axes.
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FIGURE 1.BPM system block diagram (4 of 8 channels fully shown).



In Figure 1, a block diagram of the BPM system is shown. Signalsthefour
electrodes are filtered (centeequency, 952MHz andbandwidth 150MHz) and in
most cases combined liye Filter-IsolatorBox (FIB) located close to thbuttons.
The signals from the buttons are combined to creatdy ory-only BPMs. In a few
cases (25)he signalsare not combined in th&IB, preserving bothx andy
information fromthe same set djuttons.The FIB absorbs out-of-band power and
has provision to allow biasinpe buttons (to 350/). The signals fromthe FIB are
processed irthe Ring 1&Q (RINQ) module and delivered to the contsystem
through the CAMAC interface.

Timing for eachBPM is supplied bythe PEP-II ProgrammableDelay Unit
(PPDU) which provides 1thdependent channels of signdisayed relative to one
of the two fiducials received from tHeEP-II timing distributionsystem.The PPDU
has a resolution d.1 ns. The RInQ module contains timingerniers with 40 ps
resolution.

Measurement accuracfor single bunches idimited by reflection of the
multibunch signal through the cable. The RInQ was designed to have a JEWER
than 1.2. An isolator was included in the FIB to reduce reflections.
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FIGURE 2. Ring I&Q (RInQ) processor block diagram.

ACTIVE ELECTRONICS

Processing of BPM signals bthe RINQ module isbased on baseband
conversion using in-phase andadrature (I&Q)demodulatorsThe RInQ module
accepts two or four signals for HER asichilarly for LER, wherethe processing is
multiplexed between thievo rings. Acalibrator is also included oeachRINQ. A
diagram of the RInQ module is shown in Figure 2.



The 10 dB directional coupler receivegnals fromthe FIB and the calibrator
(through the couplingport). A 952 MHz bandpasdilter selects theprocessing
frequency. The programmable attenuator extends the dynamic range amgbldier
optimizes the signal to the I&Q demodulator. Switchrestiplex HER andLER and
provide the required 86 dB isolation. A low-pditer setsthe system bandwidth to
10 MHz. Track-and-hold and 14-bit analog-to-digital converters acquirsigrels.

A digital signal processor calculates the position and signal strength.

The RINQ modulealso contains dairect-digital synthesis(DDS) phase-locked
loop (PLL) synthesizer, adjustable in amplitude and frequency, to proaliiheation
signals to each channel. Using ttadibrationsignals,each channel can be calibrated
for offset andgain mismatch. By operatirtye calibrator at &w kHz off the local
oscillator frequency andising a fixed-frequencygurve-fitting algorithm (4), the
amplitude and quadrature phase unbalance can be added to the calibration parameters.

CALIBRA TION RESULTS

The RInQ modules can lmalibrated on-line in eithemarrowband or wideband
mode. The wideband mode is calibrated by taking a series of measurements over the
working bandwidth andaking a weighted average of the calibratpswrameters.
Calibration parameters consist of offsets (4), gains (4), and phase errors (2) for both
I and Q of the positive and negatigigannelsj.e., ten parameters. Thesmlibration
parameters have been shown to be stable over séeenal; butthey do depend on
channel attenuation. Recalibration is performed when&xecbeam currenthanges
by 25% which would require a change in channel attenuatiachieve the optimum
measurement.

Typically when a calibration of all BPMs is requested throtighcontrolsystem
over 95% ofthe BPMs report a successfahlibration for either HER or LER.
Multiplexing works for calibration andor separate operation 6fER or LER; but,
both rings have not been run at the same time as yet.

Absolute calibration of the BPMystem haseenmade. Thiscalibration is
described in Referencé) and the on-line database containghe offsets for
calculating absolute positions. There have been no beam-based testsadibthon
to this time.

MEASUREMENT RESULTS

The BPM system was operational for each stage of PEP-II commissidMosy.
of this commissioning haseen withHER. After being timedthe BPMs produced
position information which aided the tuning of thieg. There were otourse some
problems such ascorrect conversion constarftyr calculatingposition and a few
incorrectly connected modules.

Each part of thesystem wagested and repaired if necessary before installation.
Many of theFIBs and RINQ modules did requirepair. Howeverafter thesystem
was installed problems have been minimal. Ab&&#6 ofthe RInQs installedhave
developed problems. All of these modules have been repaired.

The calculated minimunmesolution of the BPMsystem is0.2 pum which is
dominated by theADC quantizationerror. For measurements frorthe operating
BPM system,the randomerror for multibunch multi-turn data closelgpproaches
this limit. However,systematicerrorshave limited theaesolution obtainethus far.



Noise which appears at the frequency difference between the measurement frequency
(952 MHz) and thelocal oscillator, ortwice thatfrequency,actually dominates the
system resolution. Errors titese frequenciaadicate that the calibration parameter
set is not corrector the measurementThe source of this problem appears to be
either theCAMAC power supply orthe PPDU; but,the problemhas notbeen
isolated as yet.

In anycase, single-turmeasured resolutions fandividual RInQ modules do
not exceed 10(m and the average resolution is aboutus@ For multibunch multi-
turn measurements the resolutions apen3or better.

In addition to an aid irtuning, the BPM system was used as fandamental
measurement tool in a number of risigidies. Inthe paragraphs below two of those
studies will be described.
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Ring Study 1

The first study uses a very powerful method for determiningjrikar optics in a
storage ring by comparing a modekponsanatrix to a measuretesponsematrix



(6). A computer code calledOCO (Linear Opticsfrom ClosedOrbit) varies the
parameters in the modeésponsematrix to minimize thex® deviation between the
model and the measured ortesponse matrice'he measuredesponsematrix is
obtained by measuring the change in orbit atBR&s with changes irsteering
magnet excitation. The method is qupgewerful andcan beused todetermine
guadrupole magnet gradients; the calibration of steering magneBPanst the roll
of quadrupolessteering magnets, and BPMs; ethie example cited here is the
determination of quadrupole gradientors. In Figure 33, from the designmodel
and the fit model are shown. In Figure 4, the quadrugxﬁdient error derived from
the B-distortion evident in Figure 3 is shown.

The strong errors shown in Figure 4 are due to the four quadmnagjeets near
the interactionpoint. The gradienterror is only about0.5%. Apart from the
guadrupoles neahe interactionpoint, the remaining gradiergrrors represent the
resolution of themethod. Subsequerddjustment of the interaction quadrupole
magnets broughg, around the ring close to the design value.
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FIGURE 4. 3 distortion due to quadrupole gradient errors.
Ring Study 2

In thesecond studythe BPM system was used tdentify coherent bunch to
bunch instabilities through the bunch train. The PEP-II rings have 3492 rf buckets of
which every other one is filledThe ion-clearing gagomprises 5% othe ring
circumference. This leavd$58filled buckets in arain, preceded by gap. With
feedbackoff a coherent bunch to bunch oscillation is seen to deviédlogugh the
bunch train. Thieffect can beseen inthe BPMs by measuring particular bunch
turn-by-turn at a point with somdispersion,and by observinghe size of the
transverse oscillation dhe synchrotron frequencgrow as afunction of bunch
number througlhe bunch train.The data inFigure 5 wastaken in rather unstable
conditions.
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FIGURE 5. Coherent bunch to bunch instability: ¢aposition vs turn number for buck&0; (b) x-
position vs turn number for bucket 3000.

In Figure 5(a), 100@neasurements of the horizontal beposition ofthe 10th
filled bucket, sampled every 20 ring turns, at a particular Bfdshown. InFigure



5(b), the oscillations of the 3000th bunch, at the same BPM, sampled at theiteame
is shown. The amplitude in the second case is a factor of five larger. The amplitude is
small following the gap and thehuilds up rapidly.The Fourier transform of these
position sequences shows all of the signal is at the synchrotron frequency.

Even with the feedback on some coherent bunch-to-bunch instabilitie seeme
However, it isexpected that these instabilities can be controlled as the feedback
systems are fine-tuned.

CONCLUSIONS

The PEP-I1 BPM system has performed vewell thus far. It wasoperational
from the start of commissioning of both HER drteR. The system hadveen an aid
to the commissioning team in meetially the goals set foPEP-II through thistage
of the commissioning process. The BPMs have provided results exseled all the
requirements set for them. However, this is not to say that they have reaclrad the
of their performance. In additiothere aregparts ofthe system which have nditeen
tested completely or at all.

Isolating and fixing the problem which affects thesition resolution ishe most
pressing issue. Howevérere are dew individual BPMs that need to beepaired.

About 15% of the RINQ modules haveuffered infant mortality (of various
components). All of these modules have been repaired. Problems with other parts of
the BPM system (buttons, FIBs, and cables) have been negligible.

Further testing ofthe BPM systeminclude: 1) full tests of multiplexing, 2)
isolation between HER and LER channelsp@asurement of a single low-intensity
bunch in the ion clearing gap, and 4) absolute calibrations. Most of these tests require
running both the HER and LER together.

The continued good performance of tEP-II BPM system will beexpected to
contribute to the successful commissioning and operation of the FERattory.
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