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Abstract is placed neathe entrance tothe beamstop taletermine
the HEBT beam transmission.

Beam diagnostic instrumentation is beindgveloped for
the LEDA, a 6.7-MeV,100-mA-cw proton accelerator,

National Laboratory (LANL). This instrumentationill
be the basis for much of th&cceleratorProduction of
Tritium and the Spallation Neutron Source linacocated
in the LEDA injectorandthe highenergy beam transport

verify the RFQ pulsed and cw operation. The §
instrumentationinclude a series ofDC, pulsed- and
bunched-beam curremheasurements from which RFQ
beam-transmission efficiency will be determined. Figure 1: This picture shows thassembledHEBT
lonization-chamber beatoss measurementare mounted including magnetic transport elements (i.efpur
above theHEBT and provide input signals to afast Qquadrupole andtwo steering magnets)and beam
equipment protection system. Central beam phase #igtrumentation.

energy measurements provideRFQ longitudinal

performanceinformation. Beam position measurements  lonization chamber loss measuremeants placed at the
provide information to properlycenterthe beam within RFQ exit, at the middle of the HEB@nd atthe entrance
the HEBT beam pipe. Finally, two types dfansverse 0 the beamstop.  These chambelscated at the
profile measurements including a slow wire scaramet a beamline’s elevation but approximately 1 meter from the
video fluorescencemonitor provide beam width and beamline,provide fast beamline-equipment protection and
projection information in the LEDA HEBT. Thipaper additional beam transport tuning information.

will discuss these measuremedevelopedor LEDA and ~ Three capacitive probegetectthe beam’s central phase

summarize how theyperformedduring RFQ verification andenergy. Beam energy is calculated by detecting the
experiments. flight time for a bunch to travel between two probes. The

first two probes,locatedapproximately 0.5 m from the

1 INTRODUCTION RFQ exit, are separated bwypproximately 0.1 m and
: provide approximate beam enerngyormation. The first
IgggLﬁDA RF? hask()jesn installed Z.ind' as of g/larch d16andthird probesare separated bgpproximately 1 m and
A s,imzlseaHC(I:EG;I}'rs\}:re dZ?/rgl(Eg:gﬂ;ﬁ};g?;zg?ngfﬂs d provide the more accurate energy information. Géetral
' hase isacquired bymeasuring the phase between an
to initially verify 100-mA RFQ operation [2]. To P sacqu y uring P W

L . ' : RFQ field sample probe and the first capacitive probe.
minimize the risk to thédEBT beamline equipment from F?vel beamppopsition monitorls(BPl\/?) ;Ir\é Fljocated
beam impingementlamagethe RFQ haseeninitially throughout the HEBT. These micro-stripline BPife at

operatedwith a beam repetition rate, pulse Iength, anfigcations sensitive to beam position variatichge to
peak current to 1042.’ 3 ms, and_40 mA, respe<_:t|vely. changes in beam angle at the RFQ exit and theH&BT
Thereforethe beam instrumentation has beequired to steering magnets. BPMs ##d #5 are located after the
operate during both pulsed and cw beam operation. g5 quadrupolemagnet for monitoring the beam’s final
2 INSTRUMENTATION LOCATION trajectory to the beamstop. mjdltlon,gachBPMs four-
electrodesignals are summed to provide bunched beam
Most of the diagnostics instrumentationlegsated in the current information [4]. Since the RFQ’s 6.7-Mdéam
HEBT [3], pictured inFigure 1. The DCand pulsed is capturedwvithin the 350-MHz RF bucket, theunched
beam-current measuremerase placed neathe RFQ's beam current amplitude provides a reliable measure of the
entranceand exit to determinethe RFQ total beam relative accelerated-beam current.
transmission. Athird set of beanturrent measurements
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A slow wire scanner igositioned just in front of the The AFE circuitry filters, amplifiesand detects BPM
beamstop to assess the expanded beam'’s size emdh&f electrode signals in such a way as to provide a logarithmic
the beamstoand to measurethe emittance of thébeam amplitude of the 350-MHelectrodesignals. Forthese
using a“quadrupolescan” techniqueg5]. In the near initial RFQ beam measurements, th&lividual signal
future, a background gas-fluorescence beam-profilamplitudeswere quantifiedusing an oscilloscope and
measurementvill be placed atthis same longitudinal subtracted to provide an approximate measurdeam
HEBT location to measure cw beam profiles. position using the log ratio technique. The AE&iEcuitry

also acquires bunched beam currentshynming thefour-
3 MEASUREMENT DISCUSSION electrode processed signals.

3.1 Pulsed Beam Current 3.5 Beam Profiles

The pulsed beam current measurements use a singi§ SIOW wire scannerconsists of anactuatorthat is
toroidal transformer corewith two sets of secondary Mountedwith a 45-degreeangle with respect to the

windings: one set for beaourrent detectiorand another vertical andhorizontal axes. Si®.1-mm-diameter fibers
set for an in situ calibration [6]. Theurrent detection- are mounted on the actuator “fork”. Two fibers are used as

bias to optimize thesecondanelectron coefficient of the
fiber and the remaining fiber senses the beam. \iires

traversefrom one tine of the fork to the other vertically,
then turn 90degrees andraverseback. With such a

from two transformerge.g., RFQentranceand exit) are SyStem, horizontabnd vertical beam profiles may be

digitized and aremanipulated in digital signgbrocessing 2cauired in asingle sweep. The bearcharge-density
(DSP) circuitry to produce a 200-kHz-bandwidth information is acquired by measuring thebeam-induced

differential-currentmeasurement.  This digitafifference Secondanelectrons emitted from the fiberBeam charge
signal is therintegrated for approximately 2 millisecondd€nsity data andfiber pgsmon are both acquired and
and compared to a fast protection lost-charge value. If fFgntrolled with LabVIEW" software [8].
lost charge is greatehan this value, the fast protection

ge s g s Ve protectl 4 INITIAL RESULTS

system is initiated and discontinues beam operation.

The pulsed current measurementsttad RFQ exit and
3.2 Central Beam Phase and Energy entrance tothe HEBT beamstop showgood agreement
Since these electronics processoase still being with theory and are consistent with each otedtheir in
fabricated, the phaseand energy measurementaere situ calibrationhardware. Their 200-kHz bandwidth
initially performed with only the installed capacitive Precisionand accuracy are measured to 421 mA and
probes, phased stabilized RF cables, a down converter, 8RS MA, respectively. Howeverinder certain beam
an oscilloscope. Thdown converter transferthe 350- conditions, the RFQ-entrance current measurergpears
MHz phase information from the capacitive probes to t® have an error during beam operation that ispnesent
MHz where phase may be moraccurate|y converted to during the in situ CaIibratiorprocedure. This error
time. Because thdistance betweeprobes is known, the results in a higher tharexpectedbeam transmission

winding signalsare initially processedusing a simple
analog feedback amplifier to increase the innate
transformerL/R time constanttherefore, reducing the
droop ofthe transformersignal. Thelow-droop signals

energy can then be accurately calculated. through the RFQ.  Thiserror is presently being
L investigatedand will be corrected. Figure 2 displays a
3.3 Beam Loss (lonization Chambers) partial LabVIEW™ screenthat reports the pulsedeam

Beam loss measurements use ionizatichambers to Currentdata with data. _

detectthe interactionbetweenlost protonsand beamline ~ Preliminary loss measurement observatigesformed
components [7]. Electron signal currentseated and during wire-scanner profile measurements indithage the
collectedfrom the result ojamma-radiationonizing the ionization chambers beam loss precision is approximately

N, chambemas. These electromignal currentsare then 0.2 mA. .
amplified and integratedand are compared to fast  B€am energwasmeasuredvith both a shorendlong

protection lost-charge value. If the integrator signals &Sift distances between capacitipeobes. For the long-
greaterthan this value, the fast protection system idrift-distance energy measurements, the initial
initiated and discontinues beam operation. Thekece Measurement precisicand accuracy are <éeV and <10

chamber integratesignalsare also monitored toprovide K€V respectively.  Figure 3 displays botenergy
beam tuning information. measurementsand the results from simulating the

transportand the acceleration ofthe beam through the
3.4 Beam Position and Bunched Beam Current RFQ. The twomeasurementappear to beonsistent and
agree well with the RFQ simulations.
The wire scanner measuremenddso performed as
expected. With amplifier gains set so that fleak of the

Since the BPM electronics processarsalso still being
fabricated, we usednly the analog frontend (AFE)
circuitry from the DSP-baseBPM electronic processors.
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chargedistribution is below their saturatiolimits, the g 6.760 ——
ratio of fiber signalsacquired athe distributionpeak and < - X % 0.12 m Drift 1
tails wasmeasured to be $00:1. The combination of & g740 L — A — 1mbDrift -
this large signal-to-noise ratiand the small 0.1-mm 2 | — @ — Simulation -
diameter fiber widthsvill allow this profile measurement 6.720 L _
to acquire valid profile data beyond 3 rms widths. % ' | B § X i
The final two beam positiomeasurements havgeen @ 6700 L fa) § _
shown to be consistent wittachother, steering magnet 5 I X |
currents, and the nearby wire scanner profile measureme i A

5 6680 Lot 1 o 1 . 1 .
——— : 87 89 91 93 95 97 99
' Field (% of Design)

el Figure 3: This graph illustrates the RFQ measured output-
20.0- beam energy as a function of tipercent ofthe RFQ
15,0+ designed field. Within measurement error, the amergy
10.0= measurementare consistentand compare favorablywith

5 - the simulation.
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T i Figure 4: The above graph shows typickita acquired
0__RFQ OUTPUT] from the wirescanners locatedpproximately 2.8 nirom
30.0- the LEDA RFQ exit. The horizontal beam location and

rms widthandthe vertical beam locatioand rms width
are -0.9, 6.2, 5.9, and 6.8 mm, respectively.
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