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position information from signalbetween-38 dBm and
Abstract +22 dBm.

The Main Injector will useBeam Position Monitors Software from Artech House "Matrix Parameters for

(BPM) located inside the downstreamend of every multiconductor Transmission Lines” wased to analyze
quadruple magnet.  These magnetare reused (or the electrical characteristics ofarious combinations of
derivatives of) MainRing quadswith existing beam tube the striplineselectrodeg3). This progranproduces the
still in place. The limitedspaceavailable,andthe desire  2D_transmission line matriceand electrostatic charge

to maintain the beam pipe aperturequired anunusual distributions for userdefined geometry's. It was
shaped BPMwith innovative design and production determlnedhat anelectrodewidth of 5 mch_by 20 cm
techniques. Information on the various stages of thiould provide -24dBm athe beam intensity of 1E9
design, assembly, testing, calibratiamdinstallation of Particles per bunch at the 53 Mhz RF frequency.

the BPMs is presented. Two prototypeswere designed and fabricated test
construction techniquesand to verify the electrical
1 INTRODUCTION characteristics. The first design attempted to "EDdite

) ] o cut the electrodes directly into a section of Ml beam pipe.
The design of the FermilaiMain Injector (MI)reuses  The second design used separate electiodesledinto a
much of the Fermilab Main Ring (MRPquipment, gjot cut into the MI beam pipe (2)hese designproved
including the quadrupolemagnets (1). New quadrupole o pe impracticalbecausethe residual stresses in the
magnets were also fabricated baised on the original MaGrmed ellipticalshapedbeam pipeare relaxedvhen it is
Ring design. These magnets have an beam pipgt or welded. Inaddition, the MI pipe did not have

permanentlyfixed in place. The Main Injector elliptical gyficiant strength to maintain an accurate geomenger
shaped beam pipe telescopes inside the MR @Ba&ing yacuum

a small space between them.

o n order to conser\_/etunnel spaceand reducebeam 2 CONTINUING DESIGN

impedancethe MI designuses thesareasfor the Beam

Position Monitors (BPM). A total of 203 BPMs are Inan effort to overcome the problenand reduce the
required. The Main Injector tunnel cost approximatelydmount of assembly workequired, anew design was
$2400 per foot. By conserving one foot per BPM, $487180ught out. New mechanicalproblems alsobecame
is saved. apparent.

The MI beam pipeaperture must be maintained After available Quad magnetswere measured, the
through the BPM. The availabereaconsists of two aperturewasfound to have largeariations in sizefrom
small crescent shapedegions on the verticalxis. the design nominal. Thetandarddeviation ¢) wasover
Elsewhere there ionly space forthe BPM housing. .060_ mllls_. To insure that all the BPMsould fit, the
Fig.1 shows cross sections of the Ml beam pipe, tHeutside dlmlenS|on was choosen to_tmless than_the
BPM and the magnet beam pipe. Space limitaticaused Mean reducing the already small vertical space available.

considerablerestrictions on the BPM desigmequiring As the BPMs will beplacedinside the magneield,

compromises to be made. all componentshad to benon magnetic. Mgnetic
material would distort the field, causing undesirable higher

1.1 Previous Work order fields. The ramping magnetould exert force on

components causing position measurement errors.

The limited space availableequired athin housing,
however it had to maintain shapeunder vacuum. A
related issue of concern was differential thermal expansion
between the housing and electrode.

The physical limitations on the BPMave driven the
design, leavingfew options in their configuration.
Preliminary design workidentified the basic layout
available (2). The BPM would have fouwtrip line
electrodes, with the resulting signals combieternally
to produceeither vertical or horizontapositions. All 2.1 Mechanical
connections must be made at the portion protrutiom i . .
the magnet. Toproduce anon-directional BPM the In the final design, the BPM housing fsrmed by
electrodes were terminated with a ground connection at tfdning two identical stampedalf shells. Finateelenent
oppositeend. The MR BPM electroniasill be reused. Analysis of the proposed shape indicated that 12 ga (.105)

This electronics uses AM to PM conversion to obtaigtainiess steekould give adequatestrength.  Testing of
completed housings under vacuum has showmils of

vertical and + 5mills of horizontal deflection.  An

electrodesection, forming two striplinesnd a ground
plane is stampefrom 20 ga stainless steel. ¢hannel

U Operated by Universities Research Association under shape isused to increasetiffness. The stampings
contract with the U. S. Department of Energy.
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incorporate intregal mounting provisions for

theDuring final assembly only one of 250 housirgw 10

electrodes and alignment holes for assembly. Theof 1000 feedthru welds leaked.

electrodes are grounded at one end, and attatitestdily to

Since the striplineelectrodes are attached directly to

an SMA coaxial connector pin at the otleed. Feedthrus the pin it was necessary for the pin itself to be somewhat

with flexable pins are used to accomodatiee differental
thermal expansionexpected.

Includingthe ceramic

flexible. Several coaxial Feedthrusere tested to
determine their electrical characteristics, resistance to

feedthrus and an exterrfalotectionandlocating plate the damage, and pin felxability. A semicustdegdthru from
assembly uses only four different parts. Shown below i@eramaseal Inc. proved to hegged andnexpensive at

Fig.1 are superimposed cross sections of the ai&k Ml

$28 each. Thé&eedthruwas manufacturedvith a longer

beampipes. Fig. 2 a photo of the final BPM. Fig 3 is housing, to allow for a longendmore flexablepin. A
photo of a BPM installation in the Mi beam line.

Fig 2: Photo of a complete Ml BPM Assembly.

Fig 3: Photo of BPM installed between magnets.

The magnetic material issue was solved Wing
316L (low carbon)stainless steel. All majowelding
including thefeedthruswas donewith a CNC controlled
laser welder, resulting in high quality withminimun
weld beadsThe magnetic permeability waheckedwith
a commercial gauge, and is less than 1.05 alongvéie
and equal ofess than 1.0lelsewhere. Themall weld
beads produced with laser welding also reducistortion.

flat plate attached tothe exterior of the BPMprovides
protection for the feedthrus, cable mounting and
alignment holes.

2.2 Electrical

The "Artech House" software wassed to select
electrode spacing and shape to optimize response linearity.
The channethaped electrodeas a more unifornelectric
chargedistribution and is less sensitive tadimensional
variations at edgesearthe groundplane. Theelectrodes
are placed athe maximum horizontal spacing, while
maintaining 50 ohm imedanceThe electrode is .5 in
wide by 11 inlength. The length is aproximately 1.3
wavelengths at 2 Ghz., chosen awoid resonancevith
the feedthru. Although thieedthru isnot designed to be
a 50 ohms connector, it is electrically idnetical to a 2.9 pf
capacitor and is 1/4 wavelength long at 2 Ghz. Bdmm
pipe cut off frequency is 1.5 Ghz.

2.3 Measurements

All BPMs were measured on a stretchadre xy
positioning stand, controlled by Labview software. A HP
8753B networkanalyzer drives 3@nill wire at 53 Mhz.
and measuresthe four output amplitudes. Fortiine
positions spaced on &mm qgrid are measuredor each
BPM. This data along with beamline survdstawill be
used tomake offsetand linearity corrections. Shown
below (Fig. 3) is a plot of measured wire positions.

The “pin cushion’shapedesponse is a result of the
restricted electrodelocation.  The accuracy can be
improved byusing curvefitting algorithms to partically
linearizethe output. Shown below (Fig. 3) is tleeror
remainingafter a correction doing &SF on vertical 5
mm measurements. Shown below (Fig 4) is dhrer
remainingafter doing aLSF on average ofthe vertical

positions of +5, 0, and, -5 mm.
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Fig 4: Typical plot of measuredposition vs wire
position.
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Fig 5: Horizontal fit (on y=>5), error vs. xy position.
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Fig 6: Horizontal fit (on ave.), error vs. xy position.

3 SUMMARY

The MI designsavedsome money by placing the
BPMs inside theQuad Magnets, however, the linearity
and the resolution of the BPMs is compromised. The
limitation on the location of thelectrodes forces the
BPM output to have interdependent vertical and horizontal
responses. The non lineraitynd variations between
BPMs makes this difficult to correct.

This design demonstrated new fabrication and
assemblytechniquesand hasproducedusable BPMs that
fit into a very limited space.
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