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Abstract. The DA®PNE beamposition monitor(BPM) systemconsists of 150 monitors
installed all along the machine. Design issues, calibrgtioneduresexperimental results and
performance othe systemare describedThe closedorbit in the main rings igxtracted from
the BPM signals throughnarrowband receivers (realized by Bergézecision Beam
Instrumentation foDA®NE), thenacquired angbrocessed by aeal-time taskbased on four
independenprocessors dealingith different machine areas. Theataacquisition system is
integrated inthe DA®PNE control systemand measures five completerbits in a second.
Implementation criteria, measurements and results are reported.

OVERVIEW OF THE BPM SYSTEM

The ®-Factory, DAPNE, is a high-current multibunchte~ double-ring collider,
presently being commissioned ®IFN-LNF. Electron and positron beams are
generated and accelerated along a linac up to the nominal energy of 510 MeV, stored and
phase-space damped in the accumulator ring before injection into theimgaitthrough
a ~100 m transfer line.

Table 1summarizes some dhe DAPNE operating parameters relevant to the
diagnostic system:

TABLE 1. DA®NE Parameters

Accumulator Main Rings
Energy 510MeV 510MeV
rf frequency 73.65 MHz 368.25 MHz
Number of bunches 1 120
Single bunch current 150 mA 40 mA
Bunch length 100 ps 100 ps

Revolution frequency 9.2 MHz 3.06 MHz




Because of thevarious requirements afach part of DANE resulting from the
different beam characteristi@nd the vacuum chambegreometry, severatifferent
pickup devices and monitor configurations have been designed and installed in the
transfer-lines,accumulator andnain rings. These include short-circuiteskrip-lines,
matchedstriplines, button electrodes, as@ecial monitordor use inthe interaction
regions.

The low intensity of the beam in the transfer lines (TL) and the accumulator requires
a high-sensitivityBPM. Forthis reasonmainly stripline monitors are used. The four
electrodes are 90, stainless-steel strips, short-circuitedrs downstream endrhis is
mechanically convenient and has no relevant effect on the upstrgaah. Single strips
in the same monitor are matched within @0&® each other.

The acquisition system in the accumulator and transfer lines is simpler thaaithe
rings’ system. BPM signals are multiplexed and acquired using an oscillasroptely
controlled throughGPIB and alLabView application, which also provides\ersatile
user interface.

TABLE 2. DA®NE Beam Position Monitors Summary Table

BPM Total BPM
Damping Ring short circuited strip line 4
button electrodes 8
Transfer Lines short circuited strip line 23
Main Ring e— button electrodes 35
Main Ring e+ button electrodes 35
Interaction Region button electrodes 9+9
matched strip line 4+4

In order to correct the closed-orbit distortion audimize the operation of thmain
rings, 35 BPMshave been installedll along eachring and a further 13 BPMs are
situated in each interactiaegion. The beamposition monitors othe mainrings are
detected and processed by a dedicated acquisition system, described in seetiendg,
which provides the closed orbit for both the positron and electron rings at a fast rate.

Matched stripline monitors and electrostatic monitors with six-button electrodes have
been developedor interactionregions to allow simultaneous measurements of the
transverse position of positron aetectron beamgl1). The stripline monitors are
50 Q strips matched at both ends and with a directivity of ~25dB.

MAIN RINGS SYSTEM

Pickup Characteristics and Calibration Procedures

The buttonelectrodes, manufactured Wjetaceram(FR), are 10 mm in diameter,
have a matched impedance of Qand atypical capacitance o4.2 pF. They were



designed to producacceptablesignals and to keefme vacuum chamber impedance as
low as possibleThe capacitance of each electrodgs measured before mounting. An
example of reflectedvaveform from acapacitance measuremdmised onthe TDR
method (2) is shown in Figure 1.
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FIGURE 1. TDR measurements of the button pickup electrode.

Buttons withsimilar capacitance have begnouped together irrach monitor in
order to minimize the electricoffset error. This error can be estimated deducing
AVp/ACy from the equation thatepresents, irthe frequencydomain,the voltageVy
induced by the beam at the external termination as the product waniséerimpedance
Zp times the beam current spectrum

V(@) = Z,(@) 1(0) = FOR2 1 1w .
1

wherew; = 1/RyCy, andw;, = ¢/2r with Cy, the button capacitance gyound,r the button
radius,c the speed of lightp = r/4b the coverage factop,the half height of the vacuum
chamber andrF a form factor which depends dme vacuum chamber geome{B). In
our monitors, the value &f ranges from ~ 0.6 in the rectangular types to th@round
ones.

The capacity valueSy, in each monitor are matchedthin 0.01 pF,resulting in an
electrical offset error for the BPM installed in the mangs within 50um, in theworst
case.



Since the vacuum chamberosssection is variable along théng circumference,
several different configurations of BPM have been developed (Figure 2).

FIGURE 2. Schematic layout of the BPM installed in the ®NE Main Rings.

An accurate calibration of each type of BPM installed has pedormed, with both
numerical simulations and bench measurem@histo recover the non-linearity of the
transfer function. Starting froroalibrationdata, anon-linear fit oftwo dimensionless
guantities, derived from the signal induced on the electrodes, is used to rec@tstuuct
rately the beam transverse position.

Table 3summarizes, for various BPM configuratiortee beamposition recon-
struction error (rms) applying a fourth-ordaslynomial fit in a20 mni 20 mm zone
around the center of the monitor.



TABLE 3. Reconstructed Beam Position Error

BPM type AXyms fit error AYms fit error
Round diagonal 2im 21pm
Dipole 22um 39um
Wiggler 33um 93pum
Rectangular 26m 29um
Round orthogonal 14m 14pum

Detection and Data Acquisition

The beansignals fromthe pickup electrodes @achBPM are transmittedhrough
independengood quality coaxial cabldhaving an average length of 25 m up to the
detection electronics.

The signal detectiorcircuit has been developed by Bergoz Precisi@eam
Instrumentation with particular specifications for ODNE (Table 4).

TABLE 4. BPM Detection Electronics Parameters

rf detection frequency 736.515 MHz
if processing frequency 21.4 MHz
Minimum input signal detected —73 dBm
Dynamic range 80 dB
Button sampling frequency 2.5 KHz

In order to measurbeamposition with any multibunch configuratiqap to 120),
the pickup frequency o¥36.5 MHz has beenchosen. It corresponds twice the
accelerating rf frequency and to a typical button transfer impedance @.~0.2

The signalfrom the BPM electrodes are time-multiplexed intcsw@perheterodyne
receiver, which convertshe beam-spectrum-selected harmonic to an intermediate
frequency, if = 21.4 MHz, before amplitude detection.

The demodulated signal is demultiplexed ifdgar valuesthat arestored inanalog
memories.The four signalsare summed and theum is maintained constant by an
automatic gain control, which makes it possibl®ltain thepseudo-beam positions by
simple sums and subtractions between the demodulated voltages (5, 6).

The Bergoz detectors aradl of the hardware forthe acquisition are distributed in
four rackslocated in different areas of tiain Ring Hall. EachBPM board provides
two analog voltages, in the range [-10 V, 10 V], which reprebenlinear combination
of the buttonsignals used tdeduce theéransverséoeamposition ,y) with the fitting
algorithm described above.

The signals coming fronthe detection electrontooardsaregrouped in one of the
four independent racks, then multiplexed and acquired (Figure 3).
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FIGURE 3. Schematic of the Main Rings BPM acquisition system.

The acquisition system which reads and processes the two analog outputgadhom
monitor hasbeen developed followinthe VME standard, usingnainly commercial
hardware.

An independenprocessor, based onhotorola 68000 CPU,running a purpose-
built LabView application, controls two HP1352A FHEWultiplexers and éHP1326B
Digital Multimeter.

The two FET multiplexer modules provide high-speed switching up to 64 channels,
and are directly connected to tdeital multimeter. Ascanning list of channels is
downloaded into @RAM on the multiplexer modules at the startup and scrolled
automatically during the acquisition (7).

The scanning operation does not require any intervention thrernentralCPU until
the end of the whole acquisition of all the BPMs in shan list.The triggerfor channel
advance comes fromwo handshakénes that directly link the HRnodules,while an
analog bus connector provides the link to the voltmeter for the signals to be measured.

This workingmode allows a fast acquisition dfe closed orbisince, during the
measurementgachCPU isfree to processthe previously measuredata inorder to
apply the linearization fit and tstorethe beanpositions in acircular buffer memory.
The acquisition rate is ~6rbits/sec.Each processordeals with one quadrant of the
closedorbit, both forthe electron ang@ositron rings.One of thefour processorgthe
master) sends a “start” command along with “actual timeinformation on arRS485
line to the other three processors (the slaves).

The four processorare fully integrated in the DBNE control system, bothfrom
the hardware and the software poinvadw. The orbit data are directly accessibiem
the control system user interface, which providesy tools to displayhe closed orbit
throughout the whole machine, as well asha interactiorregions, where #&cal orbit
analysis and correction is necessary in order to catfieointeraction point and then the
luminosity.



Data from the BPM systemare also accessed fromutomatictasks recording the
beamresponse tdlifferent localizedkicks by the correctormagnets,the so-called
response matrix, used for machine modeling.

System Performance

The response othe whole BPM system habeen analyzed as a function of the
stored beam current. In this way, all the differéetice parts—pickup, cablejetection
and acquisition equipment—have beehecked.Moreover the error affecting the
position measurements at low current has been determined.

Oneset of measurements of one hundred consecutive edits, atseveralbeam
currentvalues, haveenrecorded.The difference between each averaged @it the
referenceorbit, measured at ~18A, is reported fodifferent BPMs located along the
positron ring (Figures 4-5).
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FIGURE 4. X mean position vs. beam current for different monitors.
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FIGURE 5. Y mean position vs. beam current for different monitors.
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FIGURE 6.  Error position rms vs. beam current for different monitors.



The rms beamposition errordx (Figure 6) isinitially inversely proportional to the
beam current 4 >, and asymptotically approaches abdu@2 mm forcurrents above
the threshold*

O x<I>=k for <I> <I* (2)
Thek andl* values for different type of monitors are reported in Table 5.

TABLE 5. k and I* Values for Different Types of Monitors

Type k [mm mA] I* [mA] oXrms[mm]
Round diagonal 0.05 3.1 0.02
Rect 0.04 3.1 0.018
Dipole 0.03 2.1 0.017
Wiggler 0.04 3.1 0.018
Interaction region 0.02 2.1 0.02

A s_table measurement at a current value as low as 0.19 mAl@atest limit of our
analysis so far.
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