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Abstract

The electronsourceof the linear acceleratosystemat the Plasmaand BeamPhysics
Researcltracility, ChiangMai University, is a thermioniccathedeRFgun Thegunis a
standingwave structurecomposingf two S-bandacceleratingells anda sidecoupling
cavity. The 2856 MHz RF wave is transmittedfrom the klystron to the gun througha
rectangulamwaveguideinput-port. Both RF input-port and the side coupling cavity are
the causeof asymmetricelectromagneti@ield distributioninsidethe gun To investigate
the effect of the asymmetridields on electronpropertiespeamdynamicsimulationsare
performedby usingthe computercodesPARMELA and ELEGANT. The input 2D and
3D field distributionsof the RF-gun for PARMELA simulationsare obtainedfrom the
RF modeling programs SUPERFISH7.19 and CST Microwave Studio 2012 An
electronbunchof 250,000 macreparticleswith a total charge0.91 nC per RF periodare
trackedthroughthe fields insidethe RF-gunwith radialandlongitudinalmeshe®f 0.25
mm and44.4 nm, respectively The beamwith a maximumkinetic energyof 2.63 MeV
and a total bunchchargeof 0.21 nC is achievecdat the gun exit. The outputbeamfrom
the asymmetricgun has asymmetrictransverseshapewith the emittancevalue highe
thamthe beamfrom the symmetricgun The problemscanbe enlargedvhenthe beamis
transportedrom the gun throughthe whole acceleratorsystem,which consistsof an
alpha magnet,a travelling wave linac, magnetelementsand related beam diagnostic
componentsThe codeELEGANT is thenusedato track the particlesfrom the gun exit to
the experimentabtation Energyslits inside the alphamagnetvacuumchambens usec
to filter the electronswith kinetic energiesof lower than1.58 MeV. Studyresultssho
that the alpha magnetwith a gradientof 360 G/cm providesthe minimum energ
spread The beamproducedfrom the asymmetricRF-gun has higher energyspreadat
the experimentastationthanthe symmetricone

Introduction and Methodology

The electronlinear acceleratosystemat PBP consistsof a thermionic cathodeRF
electrongun, an alphamagnetas a magneticbunchcompressora travelling wavelinac,
magnetselementsand various beam diagnostic systems The acceleratons usedto
produceelectronbeamswith shortbunchlengthfor generatiorof THZ radiation
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The RF-gun hasasymmetricshapedueto openingportstor the RFinput waveguideand
the sidecouplingcavity. This leadsto asymmetrid=M field distributioninsidethe gun
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AsymmetricEM fields inside the RF-gun affect transverseropertiesof electronbeam
The beamhasasymmetricshapeand may deviateand hits the vacuumpipe wall, when
it travelsfrom the RF-gun exit throughthe beamtransportine.

44 |‘— Xmax ‘_—’l

! Y
3 [ . I — 0
3 -15 0 15 3 0 E'3 -15 0 15 3 3 -5 0 15 3
X (mm) Transverse position (mm) X (mm})
50 50
\
08 _ 25 ! 0.8 25 ‘
06 & 06 || Z ‘
g 0 E 0f
04 o 0.4 = )
i > _1s5 : .
0.2 - ' 0.2 )
=50 50
15 3 3 -15 0 15 3 150 1

Beam:atithe exit of
symmetricegun.

Beam dynamic simulationswere performedto study behaviorelectronsby using the
program®ARMELA andELEGANT.

Beam:atithe exitof
asymmetricegun.

Electronitrajectories Beam:atith@-magnet\vertexBeam:attha-magnetverte
inside theaglphanmagnet. for the symmetric:gun. for the asymmetricegun.

Beam evolution from the gun exit to the

: Beam evolution from the gun exit to themagnet vertex for asymmetric gun.
a-magnet vertex for symmetric gun.

Simulation Results

The a-magnetis an importantcomponentwhich haseffect on longitudinal position
of electronsin the bunch Its gradientwas varied to investigatethe influence on the
electronbunchlength Studyresultsshowthatthe a-magnetwith high gradientdeadsto
over compressiomf the energytime distributionat the experimentaktation In contrast
the a-magnetwith low gradientscannotcompresshe electronbunchwith high kinetic
energypart Therefore,the optimization of the a-magnetgradientis necessaryStud
resultsshow that the a-magnetwith a gradientof 360 G/cm providesthe minimum
energyspreadwith the bunchlengthcomparabldo othergradientsin the rangeof 300
400G/cm

Average kinetic energy and energy spread of Energytime distribution at the

electron bunch at the experimental station esperimental station for tree-magne
gradients of 308100 G/cm.

Beamdynamic simulationswere performedto study the evolution of both symmetric
and asymmetricelectron bunchesfrom the gun exit through the whole accelerato
systemby usingthe programELEGANT with 2"9-ordertransportmatrices Compariso
results reveal that the maximum and averagekinetic energiesof both casesare
comparablavhile thetransversdeamsizesandemittancevaluesaredifferent
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Energytime distributions at

various locations in the beam line. : _
a function ofa-magnet gradient

Ekin max (MeV)

Maximum and average kinetic energy of Horizontal beam transverse size and emittancéertical beam transverse size and emittang
electron bunch along the beam line. of electron bunch along the beam line. of electron bunch along the beam line.

Energytime distributions, longitudinal histograms,transversebeam distributions and
phase spaces for the beams from symmetric and asymmetric RF-guns at the
experimentabtationare comparedThe resultsshowthatthe beamdirom symmetricgun
haslower enetrgyspreadcandbetterbeamtransverseshape

Beam((head Of lbbunch) atithepexperimental Beam((head Oflbunch) atthepexperimental
stationfforssymmetric beamdiomehergun. stationfforaasymmetricdaeanvfrom:thengun.

Conclusion

The dynamicstudiesof-electrondoeamsin:the [RBRIU linac systemwwere.conduct
for the cases of \symmetric:@ndyasymmetricgri field distributionsiiinithe: REun.
Magnetic field sstrengths fof | all iquadrupole: magnetscwerenoptimized: lto vachie
appropriatebbeam-transversecsizelat the: experimental station:sThe results:shov
optimal alphamagnet.gradient 860 G/cm. The beam produced:from the:symmetric
gun Ihas dower energy spreadiand betterrbeam transyverselishape thamtherasym
gun. Results of theroptimal condition:are:concluded inthefollowing.table.

Energytime distiibutions:atithe
expetimental station.
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