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Abstract 2 CALIBRATION TEST STAND

The Beam-Position Monitors (BPM) for the PEP-Il B The BPMs and vacuum chambers require calibration to
Factory consist of four 1.5-cnuiameter button style determine the electrical and mechanical centers before they
pickups mounted on the diagonals t#fe quadrupole are installed in a quadrupole assembly.
vacuum chambersBefore installation of thevacuum Various methods have beensed for electrical
chambers inthe quadrupoleassemblies, theelectrical calibration of BPMs. Thesmclude sending ahort pulse
center ofthe BPMs ismeasuredwith respect to the or a continuous rf signalown a stretcheavire or rod
mechanical center in a calibration test stand. In paiger  which is terminated inthe characteristic impedance. The
the calibrations tesstand isdescribed andhe precision method selected here is to launch a travelling wasirg
and accuracy ofthe calibrationsare presented.After 3 shortantennacentered inthe vacuum chambeSignals
installation of thequadrupoleassemblies in the PEP-II induced onthe BPM buttonsare measuredith a power

tunnel, the passive attenuation feach channel of the meter. To reduce systematic errors, measurement channels
system is measured to preservthe accuracy of the are swapped and averaged.

calibration. Finally, the active electronics includes an on- The mechanical design of the calibration tetind
board calibrator. Results for these portions of theysed at SLAC is shown in Figure 1.
calibration are presented.
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1 INTRODUCTION e 0N AO\\_O '
The Beam-Position Monitors (BPM) for the PEP-Il g————— J;H‘;,/\;_:H$

storage rings are monunted in vacuum chambers which ai 7= — = }
part of thequadrupoleassemblies. The BPMs consist of RN ifsmalﬁ""”g ‘f
four 1.5-cm diameter button style pickups mounted on the o 2 " AN —E
diagonals of the vacuum chambers. In general there a % :
three types of chamberse., for the high-energy ring ’ j 57208 ’
(HER) arcs, the low-energy ring (LER) arcs, and the HER aws
and LER straights.Each of the three systems is the i
responsibility of a collaborator in the PEP-II project, Figure 1. BPM Calibration Test Stand

SLAC for the HER arcsL.BNL for the LER arcs, and
LLNL for the HER and LER straights.

An absolute calibration of the BPM systerquires  1pe quadrupole chambers are located by a pin and reference

severalsteps. This calibration islefined relative to an plate located at the BPM position. At the oteed of the

ideal orbit, which isdetermined by @lobal survey. The .pomber a mounting surface positions ¢hember in the

step_s r_equired tp relate the measured positions with respged; stand. Tooling balliducials) mounted athe sides

to this ideal orbit are: of the chamber(at the BPM position)are measuredith

o Establish theelectrical center ofthe BPMs with respect to reference surfaces using precision dial guages.
respect todefined mechanical center athe vacuum
chambers. (Section 2)

« Measure and correct for tletenuation of the signals ~ The antenna is designed to launch a TEM wave (at 952
through cablesind the passive electronics. (SectionMhz) from a pointbeyondthe buttons to theearend of

(SLAC).Dimensions in inches.

2.1 Electrical Calibration

3) the quadrupole chamber where it is absorbed in an
« Measureand correct for the offset of theactive electrical lossy material (ECHOSORB). The length of the
electronics. (Section 4) antenna is specified byalancing therequirements of
« Establish the offset from the mechanical center of theehanicalstability and starting the travelingvave at a
chambers to the ideal orbit. (Section 5) point sufficiently beyond the buttons so that higbeder

modes damp out. A distance of 25 cm is sufficient for 40
dB of damping for the next higher mode. Tdiameter of
the rod, 1.59 cm, is selected fmechanicaktability. The
antenna can be moved in the xy plane by the precision

In this papercalibration for the HER BPMs will be
discussed. This system is completeand installed.
Calibration for the LER BPMs is underway; but, will not
be described.
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stageandthe assembly is mounted on rails to facilitate3 ATTENUATION OF PASSIVE ELECTRONICS
installation and removal of quadrupole chambers. A block diagram of the electronics for the BPM

Power at 952 Mhz islelivered tothe antenna from a gystem [2] is shown in Figure 2.
supply that consists of g@hase-lockedoscillator, an
amplifier, and anarrow bandfilter. The rf signal is JumperCables Jurmper
delivered to an open stub at the end of the antenna through Cables
semi-ridgedcoaxial cable. The couplingtub is simply
2.86 cm of thecenter conductor afhe coax. A 1.59-cm
diameter cylinder ofnylon both protects the stub and\Low Energy Ring Box SO R o
increaseghe efficiency of the antennathrough dielectric - Module
loading. (RINQ)

The travellingwave created bythe antennainduces
signals on the four buttons of the BPHEachbutton is
connected to dP1T rf switchandthe common terminal
of the switch is connected to a power meter. The rf switcfinigh Energy Rin
and power meterare controlled by a MaclintosHIci
running LabView.

A position measurement isnade by measuring the
power on each button sequentially. Then the cables at the
buttonsare diagonally swapped andhe measurement is
repeated. Calculation of the position can then be made [1]. C
An average ofthe measurements helps to eliminate(’ o, energyrng
systematic errors while the difference in the measuremen
represents the systematic error.
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2.2 Mechanical Calibration

The calibration test stand was measured and aligned by
a survey. In particular the primargquirements are the
accurate centering of the antenna ithe quadrupole | High Energy Rn
chamberand accurate knowledge tfe reference surfaces
with respect to the locating pandsurface. The surveys
were repeatedeveraltimes over theperiod in which the
quadrupole chambers were calibrated.

Measurement of the position of the tooling balls are,i_he com . . .
made at eacialibration. The xand y positions of the ponents that contribute to the passive attenuation

tooling ballsare enterednto the LabView program and are the button to Filter Isolator BkIB) jumper cables,
become part of the calibration database. the FIB, the long haul cables from the FIB to the

The description on the calibration testand as transition panel,and the transition panel tgrocessor

describedapplies to the setup at SLAC. At LLNL the module (RINQ) jumper cables.

mechanicalsystem was somewhaifferent. There the Attengatt)lop c;f '_che bUtIOIT (th _'IZ_IhB Jug{]per (t:_a bmvefreth
system was based on a CCMM. measured beforbeing installed. The attenuation of the

long haul cables and the transition panel to RinGlule
2.3 Calibration Test Stand Results jumper cables were measuredtogether following
installation. The system waslesigned to have an

In commissioning the callpratlon testand exten_swe attenuation of at least 8 dB in orderremlucethe effect of
test were performed. These includests for electrical . L ) .
reflections. Here the concern is inthe difference in

:ﬁgro?:mb;r']té/’suxgcr]ear?éizl A{:&gﬂg;‘g%mbgs\?v(;gseattenuation from channel to channel. Theverage

pping, and s y errors. A'Sese difference inattenuatiorleads to aroffset of about 130
checked periodically during calibrations. The standard m. The measurement error is aoproximatelvuds
errors for electricahnd mechanical reproducibilityotaled Hm. PP M
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Figure 2. BPM System Block Diagram

about 15um vv_hlle the survey errors were a_boutmﬁ. 4 CALIBRATION OF ACTIVE ELECTRONICS
The mapping of thehamberout to aradius 0f8.13 ] ]
mm from the center wasone toestimate theaccuracy of ~ T1he active electronics [I&Q RF Process(RInQ)

the calculatedcalibration factors. The precision tfiese Module] processesignals usingbasebanatonversion by
factors was determined to Be5% and 1.3% in the x and iNn-phase and quadrature demodulators. The signals are then
y directions, respectively. digitized and the positioncalculated.The RInQ module
also contains an on board calibrator. The calibrator injects
rf signals (near 952 Mhz) throughlQ-dB coupler at the
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input of each channel. Using thiscalibrator several
sources of error can beeduced. These errorsinclude
channel gain mismatch, channel offsatdamplitude and

phase unbalance. The total offset due to these sources was

specified to bdess than 0.12dB. Production modules
have measured offsets of less than 0.04 dB qur80with
an error of approximately Jim.

A part of the channel offset isot measuredhrough

these calibration procedures. An offset can be present from
the input circuit through the coupler. This offset is

measured during the acceptamesting of the modules. A

single source is used to drive a splitter and the split signe{f
is sent to the module and the position offset measured. TEENtEr

help eliminate systematierrorsthe cables to thénput
channelsare swapped anithe offsetmeasuredagain. The
average of these measurements is then used.

The averageffset measuredhrough thisprocedure is
about 30um with an error of approximately 30m.

5 GLOBAL ALIGNMENT

For the puposes of thigaperthe global alignment is
a process in which thi&lealizedbeam transporaind the
placement of the beam line structuresdagermined by
their fiducials results in a set ofdeal coordinateq3].
Even more specific to the BPM system theguired
information is the offsets between the ideal bgasition
and the BPM mechanical center (defined agibstion of
the antenna at calibration).

The errors involved irthis processare primarily the
survey errorsj.e., determination of theosition of the
fiducials onthe magnet to thdiducials onthe vacuum
chamber and determination of the position of fitlacials
on the magnet with respect to the magnetic cefitezse
errors have not been fully analyzedtlais time; however,
they do notexceedthe requirements, 6(um and 45um,
respectively .

6 SUMMARY AND CONCLUSIONS

As part of the planning for the PEP-Il BPM system

the precision omaccuracy requirements wesgpecified. In
the following table the actual resulise compared to the
requirements. The errolisted in the tableepresent one
standard deviation.

Table 1. BPM System Requirements and Performance

Calibration Element Required| Actual
(um) (pm)
Calibration of electricatenter to
fiducials on chamber 90
Electrical center to antenna 15
Antenna to fiducials 25
Fiducials on chamber tiiducials
on magnet 60 60
iducials on magnet to magnetic
45 45
Electronics and cables 175
Passive attenuation 15
External calibration of RIn 10
Internal calibration of RInQ 10
Mechanicalstability of electrical
with respect to magnetic centerp 60 40
Total (quadrature) 220 90

The calibration of the BPM system has been shown to
be better than the requirements. Offsetsdach of the
effects discussed ithis paperwill be entered inthe on-
line databaseandwill help in the tuning of the PEP-II
beams.
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