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Abstract. Loss of the stored beam in an uncontrolled manneicassedamage tahe PEP-I

B Factory. Wedescribe here a devioghich detects largebeam position excursions or
unexpected beam loss and triggers the beam abort system to extract the stored beam safely. The
bad-orbit abort trigger beam position monitor (BOAT BPM) generates a trigger whé&eadhe
orbit is far off the center (>20 mm), oapid beam currentoss @I/dT) is detectedThe BOAT
BPM averages the input signal over one turn (136 kHz). dgvhodulation is used to convert
input signals at 476 MHz to baseband voltages. détectedsignal goes to a filter section for
suppression of the revolutidrequencythen on to amplifiersdividers, and comparators for
position and current measuremeatsltriggering. Thederivedcurrentsignal goes to apecial
filter, designed to perforrdl/dT monitoring at fast, mediumandslow currentloss rates. The
BOAT BPM prototype test results confirm the design concepts.

INTRODUCTION

The maximumstored energy ithe PEP-II rings, 200 kJ fothe high-energy ring
(HER) at 3 Acurrent and 9 Ge\nergy,and 77 kJ fothe low-energy ring (LER) at
3 A and3.5 GeV,can meltthroughthe vacuum chamber if the impactlecalized. A
beam abort trigger system (BATS) protects each ring by kicking the beam into a dump in
oneturn, spreading it acrodbe exitwindow to avoid damageThe BATS hasbeen
installed around theings toreceivetriggers from a variety of faulsuch as loss of rf
power, loss of dipole current, etc.) and abort the appropriate ring. A new addition to this
trigger network is the bad-orbit abort trigger beam position mo(BOAT BPM). This
device acts likerescueboat, reacting quickly to acall for help. The BOAT sends a
trigger to the aborsystem ifthe orbit is faroff center, or if arapid currentloss is
detected. One BOAT BPM will be placed eachring. This paperdiscusses design of
the BOAT BPM and prototype tests results.
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DESIGN

To detect large beam positioffsets forthe beam-aborgystem trigger, two sets of
capacitive pickup electrodeqbuttons) are installed inHER and LER (Figure 1),
separated by roughly 9n betatron phase ieachring for the position measurements.
A third set of buttons isused foradditional measurements of thé position at a
dispersive point, to trigger on a rapid change in positibddT) due to energyoss in
the first ten turns after an rf trip.

The sum ofthe signals from one ofhe sets of buttons is proportional tbe total
current in thering. This signal is used tmormalize position measurements and to
measure the beam-currdass rate @1/dT). To minimize thenumber of abort system
inputs, the X position outputsaare OR’edtogether,separately from OR’ed position
outputs. An AND gate disables tbeatputs ifthe current idoelow 100 mA.The BOAT
BPM does not depend oexternal control;all parameters andhresholdsare set in
hardware in the chassis.
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FIGURE 1. The BOAT bpm block diagram. R, G, Bnd Y, refer tocablecolor codes.SUM is the
sum of the signals from four buttons. C is a combiner. ddmparator thresholdsre labeledl00 mA,
2cm, and 1 cm.

REQUIREMENTS

The BOAT BPM measures beam position, beam current, and beam ¢ossenate.
The measurementaust be averaged over obeamturn (the revolution frequency is
136 kHz) to respond tthe total current in theng and to avoidill pattern sensitivity.
There are three regimes of curréogs @I/dT): fast, wherethe currentloss isgreater
than 20 mA in 2@s; medium, where loss is more than 100 mA in a time betweqrs50
and 1 s; and slow, where the loss is more than 100 mA in a time longer than 1 second.
The module must generate a triggdrenthe beam orbit i®ff center inX orY by
+20 mm,dX/dT > 10 mm in a timdessthan 1ms, orthe fast ormedium currentoss



thresholdare exceeded. Ithe beam current iessthan 100 mA, then no trigger is
generated, since this current is below the threshold of damage.

The minimum required dynami@nge, 30 dB, ighe ratio of the maximunming
current, 3 A, to the lowest current which must be detected, 100 mA. Includiagga
at each end of the range increases the requirement to at le#3t Béurtriggers must
be supplied to thbeam aborsystem:X andY positions,the curreniossrate @I/dT),
and current status, to indicate whether the current exceeds 100 mA.

PROTOTYPE DESIGN

The BOAT BPM prototype was designedacceptsignals from one set dfuttons.
The design and assembly were performed urities pressure in order to beady to
test the prototype and verifiesign ideas durinthe January HER runThe prototype
was assembled in a chassis witbnnectorizeccomponentsgevaluationboards,and a
hand-wired circuit board.

The 476 MHz rf frequency is chosen as the irgighal. Amplitude demodulation is
used to produce a baseband voltage from the input signal.
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FIGURE 2. The BOAT BPM prototype block diagram.

The signal from a button (Figure 2) goes through a fixed attenuatof#6 MHz rf
filter with 14 MHz bandwidth.The signalfrom the filter is demodulated by an Analog
Devices AD607 (1). This is an inexpensive rf receiver part that includes a UHF mixer, if
subsystem, PLL, and an 1&Q demodulator. While generally usetidocommunication
industry, the specificationsvere suitabldor our design. It first down-convertbe rf
frequency to al0.7 MHz if. The if is thenl&Q demodulated with asecond LO
generated by the on-board PLL. The I-component is taken as the amplitude of the button
signal, since the PLL keeps the phase synchronized. A directional coupler in front of the
ADG607 is used to calibrate channel gains.

We intend the AD607 to operatath fixed gain, although it is normallyused with
internal automatic gaigontrol. Usefullinear dynamic rang&as an issueOur first
dynamic range measurements revealed an approximately 30 dBréspanselimited
by a mismatch of the dynamic range of t&€) converters tahat of thePLL. After
adjusting gains to the 1&Q relative to the PLL, we achieved 38 dB of linear response.

After amplitude demodulation, the button amplitudes go through four{palepass
filters to suppresghe revolutionfrequency.Op-amps deriveX andY differences and
the button amplitudsum. Analog dividerchips are used toget X and Y positions.
Position is calculated by:



R+G-Y-B
R

X=K

R+G+Y+B

: 1)

V=K x R+B-Y-G

R+G+Y+B

where, for a round pipe,
k=_9
2V2

HereR, G, Y, andB are signals fronthe buttons in volts (Figure 2) andlis the beam
pipe diameter. The position signals frahe dividers go to comparators with adjustable
threshold levels, which set the trip points for the beam-abort system.

The AC-coupled signdfom summingamplifier feedsthe dI/dT activefilter. This
filter has a response crafteddetect thregegimes of currentbss. The signalfrom the
filter drives acomparator; the time-domamesponse othe filter enhancefast current
losses(peaking) andsuppresses very sloaurrentresponsegac-coupling) sahat a
single threshold level provides all the logic for the three timescales of current loss.

TEST RESULTS

Bench testshowedthat theBOAT BPM prototype is functionalX andY have
small offsets. After benchtesting,the modulewas moved to theHER for tests with
beam.

Revolution Frequency Filter Performance

Three activdilters, one &.5 dB ripple,two-pole Chebyshefilter plus two one-
pole filters, make a smooth frequency response. With a cutoff frequencykbfz5ahe
four-polefilter shouldgive about 44 dBsuppression at 136 kHZhe two following
pictures (Figure8), show asine wave at 136 kHz frequencythag filter input(on the
left) with 270 mV peak-to-peak amplitude, and at the filter oufpathe right) at about
4 mV peak-to-peakThe filter gain is1.9, sothe revolution frequencguppression is
42 dB, close to the prediction of 44 dB.

FIGURE 3. Signal at the filter input (left, 50 mV/div., 2.fs/div.) and atthe output (right,
20 mV/div., 2.5us/div, AC coupled).



Beam Position Measurement

During the measurements, a fetest points were observedhe output of the
revolution frequency filtefor eachchannel,the dividers’ outputs,and the numerator
and summing amplifiers’ outputs. An example of the measurements takeBoOitmA
of beam is shown in Table 1. The calculated results match the measured data well.

TABLE 1. The Example of the Beam Position Measurements

Test points* R B Y G Xn Yn Xp Yp Sum
Measured data, V -1.88 -147 -2.01 -1.81 0.21 -047 0.56 -1.07 4.07
Calculated datz , V 0.21 -0.47 053 -1.18

* R, B, Y, G arethe output ofeachchannel’sfilter; Xn and Yn arethe X andY numerator

voltages; Xp and Yp are théandY position voltages; Sum is the summing amplibertput
(Figure 2).
** Data are calculated according to equation 1, based on the measured R, B, Y, G and Sum.
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FIGURE 4. Measuredposition and beam offsets simulated with one inpedble disconnected at a
time. NR indicates no red cable, etc.



The position response watested by disconnecting one buttoable at atime.
According to the position calculation equatidtg. 1), ifone of thesignals is zero, the
position values, botlX andY, shouldhave theproper sign and amagnitude of
K/3=1.06 cm for our 9 cm diameter beam pipe. The test rem@tshown onFigure 4,
along with a square with corners .06 cm toguide theeye. The measuredeam
positionsare in the correcjuadrants,close to thet1.06 cmcoordinatesquare. A
position offset can be seen.

di/dT Filter Performance

The filter response to a step functiamput has peak atl2.5 ys (about twobeam
turns) in the time domain, followed by a “flat” part (Figie The flat part isnot really
flat; it slowly decays to zero with a 1-secairde constant, which roughly corresponds
to the thermal conductiotime for heat tospread away from amall hotspot. The
peaking of the step function respomsakes thesystem more sensitive to rapid current
loss. This defineshe “fast’ response sensitivityThe ratio between the peak aftat
parts should be Sccording to the ratio of the requiremefiis the medium-speed to
fastdl/dT trip thresholds, i.e., the ratio of 100 mA to 20 mA.
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FIGURE 5. Sketch of thall/dT filter pulse response in time domain.

During HER commissioning, fasteamlosses wereare (and unpredictable, as we
were not trying to losehe beam). Therefore, ttest theresponse othe system, we
simulated fast currerbsses byabruptly disconnecting one button input to B@AT
chassis. The transient response ofd@T signal is shown in Figure 6.

FIGURE 6. Thedl/dT filter response seen dwo differenttime scales. The left picture shows the
peak and “flat” part at 50 ms/div. The right picture shows the “flat” part at twice the vesicsitivity
and 250 ms/div.



The ratio between peak afftht” parts is approximatelthree(Figure 6, left). The
bench test gave six fdhe peak to flatatio. This disparitymay be due to the finittll
time of an rf signal switched by a human hand disconnecting an SMA connector.

Dynamic Range

The BOAT BPM dynamic range is 3dB. Figure 7 showshe dependence at the
summing amplifier output signal iwmolts versusinput signal, in voltsrms. The non-
linear parts correspond to the dynamic range limits of the AD607.
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FIGURE 7. The Sum signal, Vsum versus input signal, Vrms.

FURTHER PLANS

Two BOAT BPM chassiswill be built, one foreach of thePEP-II rings. For the
production deviceghe rf circuitryfor eachopposingpair of buttons will bantegrated
on an rf daughterboaré&ach rfboard will produce one position signal and one sum
signal, which are further combined and processed on a motheribbard.boardswill
be tuned and calibrated on a test bench. The mother board will carry figards, four
to measure position fromwo sets of buttonsand a fifth to measure thé€ position in
the dispersive regionThe comparators, logicdl/dT and dX/dT filters, and Sum
amplifier shall be located on the mother board.

SUMMARY

The BOAT BPM is intended to perform fast detection of large befésets orrapid
currentlosses.The device’spurpose is tdrigger the beam-abogystem toprotect the
PEP-II rings. AMdemodulation allows us tase inexpensiveommercialcomponents.
Prototype test results confirm design concepts.
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