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Abstract. We areconstructing a 1.2 kA, 1 Me\glectron induction injector as part of the
RTA program, a collaborative effort between LLNL and LBNLd&veloprelativistic klystrons
for Two-Beam Accelerator applications. The RTA injector will also be used indhelopment
of a high-gradient, low-emittance, electron sowndbeam diagnostics for th&econdaxis of
the Dual Axis Radiographic Hydrodynamic Test (DARHT) Facility. The electron sauilcée

a 3.5"-diameter, thermionic, flat-surface, m-type cathode with a maximum sfiettlidtress of
approximately 165 kV/cm. Additional design parameters for the injéathrde apulse length
of over150 ns flat top(1% energyvariation),and anormalizededgeemittance of lesghan
200T=mm-mr. Precise measurement of the beam parametegguised sathat performance of
the RTA injectorcan be confidentlyscaled tothe 4 kA, 3 MeV,and 2-microseconcbulse
parameters ofthe DARHT injector. Planned diagnostics include an isolatesthodewith
resistive divider fodirect measurement of curreemission, resistive waknd magneticprobe
currentmonitors for measuring bearmurrent and centroid position, capacitive probes for
measuring A-K gapvoltage, anenergy spectrometegnd apepperpot emittance diagnostic.
Details of the injector, beam line, and diagnostics are presented.

INTRODUCTION

Induction accelerators are a unique source for high-current, high-brighthezdson

beams. Acollaboration between the Lawrence Livermore National Laboratory (LLNL)

and Lawrence Berkeley National Laboratory (LBNigsbeenstudyingthe application
of induction accelerators as drivers for relativistic klystrons. The relatiliststron is a
very high-power microwave sourteat could beused to power futurénear colliders
based onthe Two-Beam Accelerator (RK-TBA) concept (1). As part of the
collaboration, a prototype relativistidystron is being constructed at LBNL t&tudy
issuesconcerningphysics, engineeringgfficiency, and cos{2). A major technical
challenge to the successful operation of a full scale relativistic klystron tisattgport of
the electron beanthrough several hundred meters érrow aperture microwave



extractionstructures and inductioacceleratorcells. Demanding beam parameters are
required of the electron source, an induction injectoactoeve thaéransport goals. The
RTA injector is currently undergoing testing of its pulsed power systembedmtests
scheduled in three months.

Induction accelerators aralso used to producentense x-ray sources for
radiographic applicationd'he Dual Axis Radiographic Hydrodynamic TedDARHT)
Facility, under construction at the Los Alamos National laboratory (LANL), will use two
induction accelerators. A LLNL and LBNL collaboration is designihg induction
acceleratorfor the second axisThis accelerator, an upgrade ovbke first axis, will
produce a 4 kA, 20MeV, 2-microsecond electropulse that can be “chopped” into
shorter pulses tgenerate &eries of radiographienages.The major challengéor this
accelerator is achieving the required x-ray spot size. This spot size defimeaxih@im
beam emittance at theremsstrahlung converte©Once again, verydemandingbeam
parameters are required at the electron source to achieve accelerator performance goals.

THE RTA INJECTOR AND DIAGNOSTIC LA YOUT

The RTA injector, depicted in Figure 1, is comprised of 24 three-core indwetiisn
and a thermionic cathode. Beam focusingasomplished by three large-b@elenoids
installed on the centrgumping spool and sevesmaller solenoidslocatedwithin the
anode stalk. Cathode current and A-K gap voltage diagnostics are included.
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FIGURE 1. Depiction of the RTA injector indicating the locations of the isolatsthode, capacitive
(dv/dt) probes, and resistive dividers for the power feeds.

The majority of thediagnostics will be installed aftéhe injector as indicated in
Figure 2.The first 1.4 m ofbeam line will includetwo beam position and current
monitors to allowthe offset andangle of the beam at the exit of the injector to be
measured. A pop-in probeill be incorporated in a pumping port to alladhe beam
profile to be viewed. A pepperpot emittance diagnostghswn in Figure 2However,
several different diagnostic packages will be installed depending diedne parameters
to be measured or diagnostics to be studied.
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FIGURE 2. Beamline layout for emittance measurements. Other layouts will feaddigonalpop-in
probes, an energy spectrometer, and/or an isolated beam dump.

DIAGNOSTICS

A variety of diagnostics will beised todetermine the performance of timgector,
both permanently installed monitofsr general operational and temporary diagnostics
specific to the injector commissioning atrdubleshooting. Ageneralissue forall the
diagnostics isthe pulse length.Recent induction accelerators at LLNL ah&NL
operate withpulse lengths of 50 to 80s. Many of thediagnostics and measurement
techniques developefdr thoseaccelerators will need to bmodified. For example,
interceptive diagnostics such as Cherenkov foils are much mask aif damage at the
longer pulse lengthdhe diagnostics to be used dime RTA injector will alsoserve as
prototypes for the DARHT injector.

Cathode Current

An accurate measurement of the emitted current from the cathode is required both for
determining the performance of the injector and benchmarking codes. Several techniques
were considered and eventuatjecteddue to geometric, thermal, and/aliability
constraintsThe final selection is to electrically isolate the cathtrden the stalk and
forcing the current tdlow through several parallelQ.25-inch-wide strips of 2pm-
thick nichrome foil thatact ascurrent-viewingresistors.The potentialdrop across the
foil is measured and the currenferred. Toimprove thetime response X L/R), a
parallel-stripshuntgeometry isused wherehe foil is folded on itself to increase the
resistance while loweringhe series inductance. This well-knowtechnique is
particularly amenable for the restrictive geometry of the cathode housing.



A-K Voltage and Beam Energy

Three different methods will be used to determine the A-K voltagédaahenergy.
The first method involves measurinye applied voltage to the inducti@ores with
resistive dividers athe connection of thepower feeds tahe inductioncells. The
resistive dividersare comprised of 15 similaesistors in series. Thiarrangement
minimizes the problem of voltage dependenbperties.The resistors shoulcevenly
divide the total potential drop, and the applied voltage is simply the numbesistors
times the potential across any one resistor. Summing the applied volhthepower
feeds gives the applied voltage to the A-K gap. Resistive dividers caoisyeandhave
a limited bandwidth. However, for our applicatidhe bandwidth is not a limitation, as
the voltage rise time is approximately 100 ns.

CapacitivedV/dt pickup probesreused for amore direct measurement of the A-K
gap voltage and also to provide greater bandwidth with respéut tesistivedividers.
The probe signal is approximately

Vs 0(Cpzo) dVorg,, 1)

where Z, is thetransmissionine impedanceand C, is the capacitance between the
electrodes and therobe. For ouexperimentZ, is 50 ohmsC,, is 0.5 pF, the voltage
rise time is 5<1012 V/s producing a signal voltage @R5 volts. The signal is then
integrated to determiné,. The minimumresponsdime of theprobe isZ,Cs whereCg

is the stray capacitance between tipeobe andthe wall. Cg is approximatelyl00 pF
producing a response time ofnS. The maximum time iset by thentegrator. We use
printed circuits for oucapacitiveprobes agllustrated inFigure 3. Atleasttwo probes,
separated longitudinallyre required to resolve the contributidnem the anode and
cathode halves of the injector.
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FIGURE 3. Schematic of the printed circuit capacitive dV/dt pickup probe.



A conventional energy spectrometer comprised of an on-axis collimngifoyle
magnet, scintillator, and viewing port will be used to directly measure beam. By varying
the beanradius atthe entrance of the graphite collimator, the current density at the
scintillator can beadjusted.The spectrometer is on lodrom LANL where it was
calibrated to 1% accuracy in absoleteergy.Relative variations in beaenergy can be
determined t00.1% and thetotal energy variationthat can be image@cross the
scintillator is about 5%. A streak camera will be used to look at energy variatiorss
the flat-top portion of the pulse. A gated camera will be used to examine the beam energy
during specific time slices of the pulse, e.g. during the rise time.

Beam Current and Centroid Position

Two different methods will baised todetermine the beam curreahd centroid
position. Magnetic pickup (B-dot) loops will determine timee derivative of the current
pulse. The voltage induced on the loop can then be integrated to recoverrém. Our
B-dot loop diagnostics will consist dafight loops evenly spaced arounthe inner
diameter of a one-inch-thick flange. The loops are recessed into the flange tbearoid
interception. Four evenly spaced loops are summed to minimizgrihrein total current
due to offsets in beam centroid. Geometrically opposite pearslifferenced to generate
signalsthat areproportional to the centroidffset. The B-dot loopshave the advantage
of simple construction and a broad frequency response. The principle disadvantage is the
requirement for integrators.

Resistive wall current monitors measure the potedtia ofthe return wall current
across a knownmesistance generating a signal proportional toctiveent.Our monitors
will consist of 25um-thick nichrome foil thaspans a shoihsulated break around the
circumference of the beam tube wall and have a tesitance of &ew milliohms. The
diameter of the foil matches the inner diameter of the beam tube to avoid discontinuity in
the beam pipevall. Aninductive material is placedutside of the foil to force the wall
current toflow throughthe foil. The timeresponse othe monitor, determined by the
seriesinductance andesistance, is aboutrts. The parallel inductance of the monitor
will cause the signal to decay twroop.” This isexpected to bemall, butnoticeable,
for the 250 ns FWHM pulse length. The output signal can be corrected for known droop
in the diagnostichrough compensation circuitsitherpassive or activeAlternatively,
for digitized signal data, the correction can be done with analysis software véiigige
pickoffs evenly spaced arounthe diameter of the foil aresed todetermine beam
current and centroid position, similar to the B-dot loops. The sensitivity of the monitor is
approximately a volt per kiloampere of current. The resistive wall cumenitorshave
the advantage of producing a signal proportional tcctireent. Howeverthe frequency
response is less than that of B-dot loops.

The beam dump will be electrically isolattadtough nichromdilm (current-viewing
resistors)similar to the cathode to alloior the measurement of the total current
deposited in the dump. However, the centroid position will not be determined.

The errors inherent in the above monitors for off-axis beams are easily calculated and
not expected to be assue.The major concern is in the calibration of tti@gnostics.

The nominal tolerancéor commercialcomponents used ithe monitors wouldlimit
accuracy to aboui%. By calibrating completesystems, i.ethe individual diagnostic
with cables, integrators, armbmpensation circuits, as applicable, we hopadudeve
accuracies approaching 1%.



Current Density Profile

The current density profile will be measureding Cherenkov and/ooptical
transition radiation from interceptingils. A primary concern withusing foils is
possibledamagefrom beamenergy depositionAverage heating of the foil can be
controlled by adjusting the repetition rate of the injector. The difficulty lies in the single-
shot heating where material can be melted and ejected before the heat is cawlagted
If the foils are sufficiently thin that the radiation generateddogmsstrahlung escapes,
assumingthe beampulsesare short compared to the thermal conductidime, the
temperature rise in the foil is approximately:
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whereJ is the currendensity, At is the pulse length,o and C, are the density and
specific heat of the folil, respectively, ardii{/dZ. is the collisionaktopping power for

the electrons. For aiven foil material, the minimum beanadius atintercept can be
determined from Equation 2. Since the collisional stopping power is reasonably constant
with energy for relativistic electrons, Equation 2 may also be usschte the measured
performance of the foils tthe higher energy of thHBARHT injector. For example, the
minimum beam diameter to avoid damdgea 1 kA, 300 nsrelativistic electron beam
pulse on a thin quartz foil is about 2 cm. \Afgicipateusing a number dfoil materials,
including kapton, quartz, graphite, tantalum, and tungsten.

The light generated at the beam/foil interaction will be recous&ny bothgated and
streak cameras. The streak camera will be psedipally to determine if the properties
of the foil and/orbeam changeluring the pulse. The significant levels of energy
deposited in the foil could affect tlaelectricconstant or generate a surface plagmaa
could be confused as a variation in beam parameters.

Emittance

Measuring the bearamittance is expected to bery difficult asthe beam is highly
space charge dominated. A pepperpaiittancediagnostic is being constructed. The
effect of space charge can be appreciated¢dmsideringthe envelope equatiofor a
round, uniform beam in a drift region:
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whereR is beamradius (edge)¢ is the unnormalized edge emittance, &nd 17 KA.
The cathode is in a magnetic field fremgion. Wedesire forthe emittance to dominate
space charge effects for the beamlets in the region following the pepperpot, i.e.
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Rp andly are the beamadius and current dhe front of the pepperpot, andh is the
aperture.The size of the aperture is tranly variable for adjusting the relative
contribution of emittance tospacecharge. Forthe designed RTA injector beam
parametersl.2 kA, 1 MeV and 100t=mm-mr, and using a 25Qm aperture, the
emittance term is approximately an order of magnitude larger than thectaage. Our
aperture plate will consist of a rectangular pattern of 1221(IJ1250um apertures with
7 mm spacing on a 5Q0n thick tungsten plate. The tungsten plate represents about two
range thickness for 1 MeV electrons. A seconarti-thick tungsterplatewith nominal
750 um apertures will be placed ifiont of the thinner plate to improvéhermal
conduction. At four locations, apertures will not be drilled in the thiplkee toassist in
determining background and orientatidime beamlets will strike a quartz fddcated
80 cm (adjustable from 40 td60 cm) after the aperturplate. The Cherenkovlight
generated at the foil will be imaged with a gated camera.

Small effects such as the apertpflatethickness (vignetting), fringe fields from the
upstream solenoids, amgamwaist location will be accountetbr in the dataanalysis.
A more serious problem concerns the effect of the conductive aperture platebearne
It has been demonstrate(®) that, while the local distribution in phase spacgan be
determined,the globalx—x' curve is dominated by the non-linefocusing of the
aperture plateE-Gun simulations performed for oheam parameters indicate that the
beam emittance determiném the pepperpotiata will be as much asix times the
actual emittance in the absence of the apepiate. Thiseffect can be accountddr in
the analysis. Howeverthe accuracy in the final emittance value \siliffer. Note that
this is only an issue for space charge dominated beams where aperturing is required.

An alternative to th@epperpot diagnostic is to vatie focusing ofthe beam and
look at changes in the radial profile of theam.The most straight forwaranethod will
be to insert a nonconducting foilshortdistance after @olenoid.The strength of the
solenoid could then be increased causirgfocus tomove througtthe foil. Matching
the observed radiusariation withthe applied solenoidal field to computer simulations
will allow the emittance to be inferred. Onagain,the issuewill be the minimumbeam
spotsize that the foil catolerate. By operating in an over-focus regime, the beam
waist always remains in front diie foil, it may bepossible tdimit the minimum beam
radius at the foil, but still generate significant variationsaiius. Wearealso studying
the effect ofusing a quadrupolmagnet tdfocus in a single plane. Thigill reduce the
issue of current density, but limit the emittance measurement to a single plane.

SUMMARY

A variety of diagnostics will be used @haracterize the beaproduced bythe RTA
injector. These diagnostics have been extensively developed over the pastfaleaade
on induction injectors/acceleratotdowever,the challengdor the RTA program is to
adapt these diagnostics for pulse lengths a factor of four longer, ahd, development
of diagnostics fothe DARHT second axis, d#actor of nearly 40onger. Determining
emittance of thehighly space charge dominatedam will also requirenew levels of
precision and/or technique.
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