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Abstract

A set of softwaretools based onPierce theoryand the
Cutler-Hines approach fahermal velocity effects have
been developed for the design of sheet-beam elegtroas.
The tools yieldparameters for rudimentagun geometry,
which are further refined using the 2-D patrticle-in-celiie
EGUN. Candidate designs for guns suitable for
applications to high-powerhigh-frequency microwave
sources have been obtained. The resultcate good
potential for the use of sheet-beams tenerate
microwaves applicable to future accelerators.

1 INTRODUCTION

High power microwave sources ithe 30 to 100 GHz
range areneeded topower the next generation dihear
acceleratorandcolliders. Several receproposals for the
generation ohigh power microwaves make use sifieet
electron beams. The inhereativantage othese beams,
with a typical width-to-height ratio of 10, is theduced
space charge effecfor a given beam current. In
comparison withroundbeams, past design work sifieet
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distribution between the cathode andthe anode are
approximated bythose of thespace-charge-limitedliode
with concentric cylindrical electrodes. Theodeslit acts

as a divergindens. Beyondthe anodethe beam moves
under the influence of its own space char@de paraxial
approximation is taken throughout. The treatment is
fully relativistic.

For a given geometry, the beamrrent and the electron
paths dependonly on the anode potential, which is
characterized by the relativistic energy factor
y =1+eV/mc? of the beam. Thelectronpathsbeyond

the anodeare self-similar and parabolic. They eithecross

the mid-plane or achieve ainimum deviation at some
location beyond thanode. The only geometryparameter
which controls such behaviors ks defined asd/awhere

d is the anode-cathodseparationand a is the radius of
curvature ofthe cathodeThis factor is alwaydess than
unity. When it is too small, the beamdivergesfrom the
mid-plane upon emerging from the anode. When it is too
large, the beam crosses the mid-plane. It would appear that
the optimum design is to choogeso that theminimum
beam thickness is zerandlet the actual beam thickness

beams is quite scanty, particularly in the relativistic, highbe determinedfrom considerations of thermagffects.

current density, casesnow being considered.This paper
describes efforts to desigsuch beams. Atwo-pronged
approach igaken. Preliminary designs wittudimentary
geometry ofelectrodes ardirst made using the Pierce
method, supplemented by tkéfects ofthermal velocity.
Although the basis of these methodse well-known,

Indeed, such anapproach has beenndertaken in the
past[2]. However, a new calculation of thernadects
reveals that this approach is far from optimal.

2.2 Thermal Velocity Effects

substantial developmental work has been gone throughTtRe effects of transversevelocity spread of electrons

carry out the formulatiomnd to produce aomputercode
for design purpose®etailed designarethen performed
by particle simulation using the 2-D code EGUN.

2 PRELIMINARY DESIGN
2.1 Pierce Method

A preliminary design of sheet-beam electtpmscan be
made using an approach pioneered byierce[l]. The
rudimentarygun geometry consists of eathode in the
form of a circular arc of half-angle , an anode with alit

to let the beam throughand anexit plane atequal
potential to the anode. The electron flandthe potential
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originating from the cathode can be investigated using the
method ofCutler and Hines[3]. This entails computing
the perturbed orbits from the cold beam paths. It grises
to an expression for the deviation from ttwdd path for
a warm path of a givetransversevelocity at thecathode.
The expressioriverges atthe locationwhere the cold
beam crosses the mid-plane, a resultvatiance from
those ofearlier calculations[4fuoted by Referencgs].
The divergence is traceable tbe fact that, in theregion
between the anode and the exit plane, the devigtifsom
the mid-plane satisfies the linear equation
d’y K
i 12 y 1
whereK is a constanands(2) is the envelope of theold
beam, which is a quadratic function. As a result, all paths
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except those with zero initial transverse velocity effect of the self magnetic field and the Lorefuce from
approachesnfinity at the locationwhere s(z) vanishes. the imposed field can hgerformedfor sheet-beamsThis
Therefore, designs fowhich the cold beam crosses or gives rise to the following expression for thequired
touches themid-planeare to be avoided athe thermal field:

spreadwould be large. The location of the exit plane can

still be chosen to be where the thickness ofabld beam ,_om? 1 1
is the smallest. B* = OeO V_V\/le

where | /w is the beam current per unit width ang the
beam thickness. Although thehoice of guide field is
immaterial in the Pierce approach, itriseded in detailed
designs where electroorbits are obtainedwith realistic
dl=_" %rf y+s, 0 sy -sy as y (2)  electrode geometry. Note that the scaling of B vagam

4s, E Oy H B O %ﬁi thickness is favorable with the sheet beam in comparison
with the round beam (i.&0r™* for round beam).

where§, is the minimum half-thickness of the cold beam,
and g, equals f(K,y )d\;“kT/eV for some function f 3 DETAILED DESIGN

involving integrals thatcan be computed numerically. Detailed designs can beadeusing specialized or general
The thicknesss containing 95% of the beaourrent can Purposed particlenotion simulationcodes. Theseeodes

3)

For a giventemperatureT of the cathode,the current
density profile at the exit plane is found to be

be found from Eq.(2). determinethe trajectories of a large number of electrons
emitted from the cathode self-consistently with #hectric
2.3 Design Optimization andmagnetic fields, thereby obtaining tlarrent of the

beam once the electrode arrangement is specifiasides

A MATLAB basedcomputer program has beereated to improving on the accuracy of the Pierce method,cttates
make optimum designs. Thogram accepts amputs alsg a_IIIO\/_vdetalleddeS|gns ofel_ectrodegeometry so that
the beam energy, the current penit width, thecurrent OPtimization can peperformed in a large parameter space.
density at the cathodendthe temperature ofhe cathode. The 2-D gundesigncode EGUN has beemsedfor the

It completely determinesthe rudimentary geometry by Purpose. Output from the preliminadgsigncodecan be
minimizing t,. The code has been partiallyalidated USed as guidance for preparing input to EGUN.

against sheet-beam design calculatiansl experimental . . o
measurements performed in the past[2]. A detailed design for gun with similarparameters as the

sample design in section 2.3 hasheen made. The
As an exampleconsider al40kV and 15A sheet-beam electrode geometry and the paths of electemeshown in
with a width of 0.8cm, which is acandidate for Fig-1. This gundelivers al40kV beam with 10.7A/cm
applications to futuréW-band accelerators.Taking the and a thicknesgs equal to 0.36¢cm. Other parameters are
current density athe cathode to be5A/cn?, and the
temperature to b&473K, the optimumdesign has the a=5cm a=20° d=45cm ¢=139cm (4)
following parameters:

The angle betweethe focusingelectrode andhe cathode
d=33cm a=50cm a=213 ¢=125cm arc is chosen to beé5.5°. In addition, the maximum
te; = 0.18cm electric field is 94.4kV/cmandthe cathode current density

is 3.1A/cnf. It is seen that with the exception of the

Here ¢ is thedistance betweethe cathode andhe exit. Peam thicknessthere is reasonable agreemamith the

The arealcompressiorbased ortys is 21. Thecold beam Preliminary design.

thickness in thiscase is0.09cm. The beam thickness at ) ) )
the anode isL.28cm. Theelectric field atthe anode is 93 Smaller beam thicknessesan beachieved byrescaling.

kV/cm, well within the break-down limit. For example, rescaling the geometry of (4) abalayn
by a factor of 2 reducesestimated beam thickness to 1.8
2.4 Brillouin Field mm andincreases current density 81.4 A/cm. Inthis

case, the maximum E field increases to 189 kV/cm which

An external magnetidield in the direction of the beam 1S Still within acceptable limits.

near the exit is required to prevent the beamfrom ) _
diverging. For round beam, this is thewell-known N the numerical calculations, the paths of electrons are

Brillouin field. A similar derivation based on the Not self-similar as irPierce’stheory. The pathand the
conservation of canonical angulamoment and the beam envelope depend on the choice of the magiretc
cancellation of thespace-charge force bthe pinching SOmMe amount of midplane crossinguisavoidable if the
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field is close to orexceedghe Brilluoin field. Thebeam -« increasing the current per unit width causes the beam to
envelope also tends toscillate, with amplitudes and thicken
periodsthat depend orthe value of thdield chosen. The ¢ Increasing the voltage has the same effecat, to a

paths in Fig.1lcorrespond tathe choice B=300G, below lesser extent
the Brilluoin field of 536G. Design for a highgrower -« increasing thecathode loading is very effective in
beam at 400kV and 78A/cm have als®en madewith a reducing the beam thickness

thickness equal to 0.2cm.
5 CONCLUSIONS

Developmental work carriedut in the implementation of
Pierce theory for the design of sheet-beand Cutler-
Hines approach for the effects of thermal velod#ads to
softwaretools suitable for preliminary design work and
scaling studies. New results have also been obtained.

5.4cm

The combination of such software tools and a Ratticle
simulation code proves to be an effective way of designing
sheet-beams. Designs have been obtained for beams
suitable for the generation of high-powéigh-frequency

) microwaves.Based onpoint designsand scaling studies,
Figure 1: Electrode geometryand electron paths for a speet-beams should have good potential for application in
140kV sheet-beam electron gun according to EGUN.  fytyre accelerator technology. Future work shdniude

3-D effects such asedge control, and more detailed
characterization of beam qualities.
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With higher external magnetields the beam waistvere
found to bereduced ashown in Eq. (3). Withhigher 6 REFERENCES
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Figure 2: Electrode geometry and electron paths for a
140kV sheet-beam electrogun with 1000G magnetic
field according to EGUN.

4 SCALING STUDIES

In an effort tomap out the possiblparameter range of
sheet-beams, scaling studies have bperiormed using

the softwarewhich implements the Pierce methedth
thermal velocity effectsThree parameters aeonsidered:
beam voltage (70-280kV), current panit width (10-
40A/cm), and cathodeloading (2.5-10A/crf). Each is
varied while keeping the othersfixed at values
corresponding to a reference design, which is chosen to be
the one discussed in earlier sections. The main results are:
» compression ratio in the range 15 to 40 is achievable

* beam thickness of 0.1 to 0.25 cm can be obtained
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