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Abstract surement must thutake place in aelectedshort time

The Cornell10-GeV ElectrorSynchrotron, built in 1968 interval Wi_thin, the 8 mac‘?e"?ra“omyc'?-_ (3), Coherent
for fixed-targetphysics, haservedsince 1979 asnjector beam osc_:|IIa.lt.|onscausedpr|nC|paIIy by |n](_act|onerrors,
to the storage ring CESR. In thisode, which calls for a remain significant throughout thacceleration cycle: the
sparse fill pattern (45 bunches at most), the origieam BPM S"%’F‘a'_s must Pe averaged over several turriscate
position monitorsare ineffective. An improvedsystem, the equilibrium orbit.

now under construction, is described.

‘ L
1 INTRODUCTION L =)

Originally, the Cornell Electron Synchrotr@ecelerated a
"continuous" beam (all 700 MHz RF buckdited); its
beamdetectors used ferrite-core currdransformers that 'S TQLW
could not resolve individualbunches. Thecores carried AR

auxiliary d?fferential yvindings thatserved as rydimgntaryFigure 1. Vertical sectionthrough the striplinebeam
beam position monitors (BPMs). However, with tiele-  getector.e~ travel from right to left inthis diagram,
ly spaced bunches called for BESR, these windings no delivering atthe downstreamend of the stripline a pulse
longer deliver useful signalslew BPMs arebeing instal- doubletwith initially positive excursion. & moving in
led as part of a general improvement program. the opposite direction produce a similar signal.)

With cost and downtime as major constraints, we
decidedthat the new BPM system should fmto_th_e > BEAM PROBES
present vacuum enclosurasdwork through the existing
cable system. Analog signalepresentingntensity, hori- Short beam probes (pickup "buttons" or loopaye capa-
zontal, and vertical position are brought to the control citive or inductivesource impedances. Whéweded by a
room through three 78 cables thaencirclethe synchro- resistanceR, such probegpseudo-differentiatehe bunch
tron (=756 mcircumference). Theseables, similar to signal. The time constants £ RC or L/R) come outwell
RG59/U but triaxially shielded, have an uncomfortablybelow 1 ns wherR = 50 Q. Since this iscomparable to
long risetime i = 70 ns, maximum). the duration ofthe bunch, the output signdkecomes a

The BPM signalsafter treatment by locapreampli- short, bipolar pulsedoublet When such adoublet
fiers, are multiplexed into theables viasmall relays that encounters a long risetinte the output amplitude goes as
are energizedne at a time. Takindatafor the complete 1/t In our case the signal would be reduced almost to the
ring requires stepping sequentially through all the relayshoise level. Weavoid this by immediately converting the

BPMs for the synchrotron, amposed tahe storage probe signainto a longer, monopolar pulse, usipgak
ring, mustdealwith some specidleatures: (1) Thdeam rectification by a fast diode.
is aboutthree orders ofmagnitude smaller—only a few A strip-line probe is better than a short probetirs
times 16 particles petbunch—and it isnot steady. (2) mode of operation.Instead of pseudo—differentiating, the
The orbiterrors change durinthe acceleration cycle be-line adds adelayed, invertedeflection fromits far end
cause remanent fields and eddy currents, important at injeghorted). The resulting doublet spacingcan be
tion time, become insignificant at high energybit mea- large—twice the propagaticdime of the line. To fitinto
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the available space, our linase0.15 m long,yielding a wherea, is the threshold intercept projectedto the pulse
doublet spacing of 1 ns. amplitude axis (see Fig.2).

Between the 96 pairs of synchrotron magmetsinted If a small gain mismatch does remain, suppose that
on I-beams therare drift spaces(usually 0.28 m long) ke = (1+6) k_ << 1]
+ — .

that alternatelyaccommodatepump portsand corrector
coils. The latterassembled on tube of 43 mminner A centerecounch then yieldda/>a = /2, giving afalse
radius, leaveenough clearancefor BPM signal feed- indication

throughs. The lattice functiong, and j, are approxi- Xg = (€/2) Xo.

mately equal (~12 m) at theséocations, giving similar With xg= 21 mm, tohold x¢ < 1 mm—adequatér our
sensitivities to the BPMs in both planes. Thetatron purposes—we need only maintaéh<] 9%.

tunesare Qy = 10.65, Qy = 10.77; weexpect toinstall 600 | | | | | |
about 50 BPMs, spaced roughly by quarter-wavelengths.
Figure 1 shows one BPM consisting of four strip 500; 1
lines placed in symmetrical pairs on oppogsiges of the i
beam ineachdimension, horizontalxj and vertical ). S I
The strip, spaced 9.5 mm from the wall of the tube, is 38E 400+ T
mm wide, yieldingZ, = 100 Q. (The strips are lightly E I
folded longitudinally to conform to theurvature of the 3 3001 +
tubular wall.) o :
%_ L
3 SIGNAL PROCESSING E 207 T
To first order, the amplitudes from the two probes of a 1007?7 1
pair are, respectively, i
= + LD = - LD 1 |
e B meseB B we
whereq is the bunch chargd,, k— aregain factorsx is Bunch Charge (x10” ¢)
the bunchdisplacementfrom center,and X, is a scale 7
length. [Similarlyfor y.] In the ideal case we havkey = Figure 2. Amplifier output as a function of bundharge.
k_: then A linear fit to the data above threshold is shown.
_Aa
X = g X0,
4 CIRCUITS

with Aa=a+ —a_andXa=a+ +a_. To ensure that aull
A—signal correctly indicatexx = 0, we evidentlyneed to
maintaink+ = k— over an adequate dynamic range.

HP5082-2835

332 1.00k

Unfortunately, pulse stretching (by pemdctification) ot - Difference
cannot bedone after the A-signal isformed, since this m@
signal mayhave eithersign. The two line signalsnust o
therefore be rectifiedndividually, with the tworectifica- - = o
tion yields entering separateigto k+ andk_. As illus- e T Sum
trated in Fig. 2, the main feature dibderectification is a input2 vy O
threshold intercept, governed by the diode's cut—in voltage. Szp | me -

2,00k 1.00k

With our particular strip lines andiodes (Hewlett—Packard
HP5082-2835 in the prototype), ththreshold corres-

pon,d,s t(_) ~16 particles perbqnch; Fabove threshpld theFigure 3. Schematic of prototype stretchers, suamd dif-

rectification yield is substantially linear. We will use ferenceamplifiers for one pair ofstriplines. (Toavoid

matchedpairs of diodesfor eachpair of strip lines;when reachingthe amplifier's outputcurrent limit, the sum

the intercepts are equal a naksignal still correctlyindi- channel has a lower gain than the difference channel.)

catesx = 0. To calculate a nonzetmnch displacement

from the stretched signals we use Figure 3 shows tharrangement of stretcheesd ampli-
Aa fiers for formingAa and>a and driving the coaxial cables.

X = Sa+ 2a, Xo, Figure 4 shows thA-signal observed through tleeaxial



cable. A high—pass time constant of ud, well below
the 2.5 ps revolution period, ensurethat the signal
returns tozero betweempulses. (Orbitmeasurementsvill
be made with only a single bunch ottéculating.)
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Figure 4. Delta—signal from a vertical pair atriplines,
seen ~4 ms into thacceleratiorcycle. A substantiabff-
set of the equilibrium orbit isndicated, asvell as some
bunch oscillations.

Starting at thedesiredtime in the acceleration cycle,
BPM pulses from aelectedyroup of turns must bimte-
grated toobtain theaveragebunch position (in theore-
sence ofoscillations). This is illustrated, for &rns, in
Fig. 5. The burst of 5 gate signals is timed so aextiu-
de the reverse—polarity excursionedfchBPM pulse. The
gate output isapplied to an operationaitegrator, which
is reset before the burst baltowed to holdits accumula-
ted voltage until read out by a computer.
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Figure 5. Timing diagram for theatedintegrator circuit.
(The integrator reverses the signal polarity.)

5 CALIBRATION

A rough estimate fox, (= 21 mm) wasobtained in bench

measurements, using a short pulse skwwn amovable
conductor tosimulate the beam. A moappropriate cali-

6 CONCLUSION

A stripline BPM, together withits signal processing
circuits, hasbeendesigned andestedwith good results.
Slight modifications to these designdll be made,but a
suitable system is close to reality. During the 1999
summer shutdown, irpreparation forCESR Phase |l
high—current running, the synchrotraiill be completely
outfitted with this BPM system.
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bration will beobtained, indue course, during studies of

the orbit—correcting procedures themselves.



