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Abstract

Measuring Range oyly <10 %

A system hasheendeveloped atleffersonLab for
measuring transvergeosition ofvery low current beams

Current Dependence < 50 um peak-peak

@ required current50 %

delivered tothe Experimental Hall B of the Continuous|

Stability, Drift < 25um rms in 8 hours

Electron Beam Accelerator Facility (CEBAF). At the hear

Table 1: System specifications.

of the system is a position sensitive cavity operating at

1497 MHz. The cavity utilizes anique design which
achieves ahigh sensitivity to beam position at a

Concept selection was the most difficult parttiois
project. Wesearched afeffersonLab as well as abther

relatively low cavity Q. The cavity output RF signal iS|gnoratoriesand industry for alternative concepts that

processed using @own-converteand acommercial lock-
in amplifier operating at 100 kHz. The systémterfaces
with a VME based EPICS control system using HBEE
488 bus. The maifeatures otthe systemaresimple and
robust design, and wide dynamic range capable of handli
beam currents from 1 nA to 1000 nA with arpected
resolution better than 10@m. This paperoutlines the
design of the system.

1 INTRODUCTION

The Thomas Jefferson NationatceleratorFacility,
or JeffersorLab, is a basiaesearchiaboratorybuilt to

probe the nucleus of the atom to learn more about tiparticular circuit that we use,

quark structure of matter. Thandergroundrecirculating
accelerator uses superconducting radio-frequency

would give us a good starting point.

At the time the project started, CEBAF was
equippedwith a Switched Electrode Electronics BPM
system (SEE) coveringlynamic rangefrom 1 pA to
H800pA [1]. We initially hoped to increase the
sensitivity of the beam-pickupand the electronicseach
by factor ofthirty to make a BPM system thatorks
down to1l nA. However, wesoon realizedthat wecould
increase thé&SEE electronicssensitivity by no morehan
factor of five. The key limitation of the system was a
quasi-synchronous demodulator aroundihich the
electronics was built. The probledoesnot lie in the
but in thguasi-
synchronousdemodulationconcept,where signal to be
demodulated isalso used to generate a demodulation

technology todrive electrons to energies between 80Carrier. A phase-sensitive demodulation schepgeared

MeV and 4 GeV. The electron beam cansipéit for use
by three simultaneous experiments in the end stations.
The middle one of the three experimentsiations,
hall B, requires beam currents in tregefrom 1 nA to
1000 nA. A new BPM system wasneeded to

accommodatéeam position measurements at such lowof our list among alternatives for beam pick-ups.

currents. Weselected asystem using position sensitive
resonant cavities as pickupsand phase-sensitive
synchronous demodulators. The projstetrted in January
1996.

2 SYSTEM OVERVIEW

Number of BPMs 3

Beam Energy 800 MeV - 4 GeV
Operating Range 1 nA - 1000 nA
Parameters to be Measurpd and y positions, current
Nominal Measuring Rate| 1 orbit/s

out of control system

Position Measuring Rande |x|, b mm

Absolute Accuracy <1 mm

Resolution <100um @ 1 nA CW
Linearity Within ox/x <10 %
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to be the only feasible solution for electronics. A similar
system that uses phase-sensitive  synchronous
demodulation is operational at Mainz Microtron in
Germany [2]

A position sensitive resonant cavity came at the top
It was
the only type of pick-up thapromised an increase in
position sensitivity byfactor of approximately 30 with
respect tothe wireline BPMsused atCEBAF accelerator
[3]. We evaluated different resonant cavity configurations:
circular, rectangularpff-centered TN010. Weselected a
design that is conceptually similar to the REparator
cavity designused atCEBAF to split electron beam to
three experimentahalls [4]. This position sensitive
cavity, explained in detailbelow, gives approximately
10 dB greater position sensitivity tharciacular TM110
cavity.

Figure 1 shows a system blodiagram. Aposition
measurement is done by taking the signal from a position
sensitive cavity (x or yand normalize it with the one
from a currentcavity. To get X, y positionand beam
current we need three dedicated electronic channels.
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Figure 1: 1 nA BPM system block diagram.

cavity output signal voltagdivided by the change in the
3 POSITION CAVITY beam position for a given current. The longitudinal
electric field of the rmde goes through a null pointand
electronics by threeroom temperature RF cavities SI9N reversal) inthe center ofthe cavity resulting in a

operating at the third harmonic of t#©9 MHz bunch Shunt inpedance of zerand no output signal for a
frequency. Two of the cavities apesition monitors with centered beam. The position cavity is designechéasure

one producing an X position x current signal and the oth&Fcuratelybeams that travel through a owentimeter
a Y position x current signal. The third cavity is a squarewindow centered ornthe cavity axis.Inside this

CEBAF Beam Current Monitor [5] thatprovides beam Window the electric fielcmplitude changes linearlyith
current and phase informationnecessary forposition POSition and the resolution is at its highest value.
signal amplitude scaling and sign correction.

Information about the beam iprovided to the

Bunching Frequency 499 MHz
Beam Line Aperture 3.0 cm diameter
Restriction minimum ‘
BPM Resolution 12% p\ﬂ)r?@ (ilio dBm @ Plunger for Dt o
um n ~ | 1
est probe
Longitudinal Beam Line | 90 cm maximum g e ;
Space

Position measuring range x|, &yp mm

Resonant Frequency 1497 MHz

Loaded Q 3500
Diameter 19.0 cm [T Gutput probe
Depth 9.5 cm
Rod Gap 3.0 cm Figure 2. Position cavity front and side view.
Material Copper Plated Stainless
Steel Placing rods within the cavity draws the electric field

This field redistribution increasethe resolution by a
The position cavity is anew designthat offers factor of 2.5 compared to a cavity with no rqdse figure

excellent stability and transversesensitivity and mode 2)- Therodsalso have a polarizingffect in the cavity,
isolation. The cavity is a pillbox witliield perturbing locking the orientation of théelds and eliminating the
rods operating in a dipole typenode (seefigure 2). transyerse modeThis improves the x-y isolation and
Resolution is defined here as the ratio of the change in tR&rMits greateroverall systemaccuracy.The rods also
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introduceloss andthe Q of themode isreduced byhalf.
The resultingbroader resonance isthen beneficial in

that I0C via a GPIB bus. Our estimate is thahdwidth
of the GPIB bus will permit obtaining 1@adings of all

reducing drifts for improvedong term measurement lock-in amplifiers persecondwhich is 10 timesfaster

stability.

4 ELECTRONICS

A separate electronics package processes
1497 MHz radio frequency (RF) signal coming freach
cavity. Nine equivalent electronic channels ugphase-
sensitivedemodulators to digitizeand extract amplitude
and phase of the signals.

Operating Frequency 1497 MHz

Dynamic Range -156 dBm to - 40 dBm

Demodulation scheme Ifampling, digital I-Q

Dynamic reserve 100 dB

Stability, Drift < 0.5 % rms in 8 hours
Channel-channel isolation| 55 dB

Baseband time constant 8 - 10s

Testing capabilities Frequency sweefp MHz

Table 3: Electronics specifications.

The 1497 MHz signal fromeach cavity is first
amplified in a low noise amplifiemixed with a 1497.1
MHz local oscillator (LO) signal in dual-balancednixer
and then low pasdiltered. This yields an IFfrequency
signal of 100 kHz thatan be processed by lack-in

amplifier; the latter sets the limit on to how high the |

frequencycanbe. The lock-in amplifier is @ommercial

off-the-shelf model7200 available form AG&G. This
anoDOE under contract number DE-AC05-84ER40150.

DSP basedinstrument samples 100 kHz signal
demodulates it in aumerical (DSP)I-Q demodulator

using an externally supplied 100 kHz reference. Use of the

digital demodulatorsignificantly improves theaccuracy,
stability and flexibility of the system.

The 100 kHzreference, LO andl497 MHz test
signalsare generated by a reference frequenuydule.

Figure 3 shows a simplified block diagram of the moduld?]

The 100 kHz reference is generated bymixing
1497.1 MHz signal form the L@equencysourcewith a
1497 MHz RF signal received from the CEBA#achine

than is required.
The system is to be installed in the transport line
tunnel close to the cavities to minimize signal loss due to

if@able attenuation. Amodular design was chosen to

facilitate maintenance and minimize timerépair in case

of a failure. The modules conform to 3U, 220 mm
Eurocard standard angse DIN type M connectonwith
RF inserts.

5 SUMMARY

The system is to be installed in Septemb@87.
Cavities are under construction. We have tested electronics
in our laboratory. The measured sensitivity of the system
is -156 dBm and the worst case channel to channel
isolation greater than 55 dB. We now plan to install the
system in the tunnebnd repeatthe measurements to
check performance in situ since a system with such a high
sensitivity is more susceptible to any externgiénerated
interference.
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