
Abstract
Theelectronsourceof the linearacceleratorsystemat thePlasmaandBeamPhysics

ResearchFacility, ChiangMai University,is a thermioniccathodeRF-gun. Thegunis a

standingwavestructurecomposingof two S-bandacceleratingcellsanda side-coupling

cavity. The 2856MHz RF wave is transmittedfrom the klystron to the gun througha

rectangularwaveguideinput-port. Both RF input-port andthe side-couplingcavity are

thecauseof asymmetricelectromagneticfield distributioninsidethegun. To investigate

theeffectof theasymmetricfields on electronproperties,beamdynamicsimulationsare

performedby usingthecomputercodesPARMELA andELEGANT. The input 2D and

3D field distributionsof the RF-gun for PARMELA simulationsareobtainedfrom the

RF modeling programsSUPERFISH7.19 and CST Microwave Studio 2012. An

electronbunchof 250,000macro-particleswith a total charge0.91 nC perRF periodare

trackedthroughthefields insidetheRF-gunwith radialandlongitudinalmeshesof 0.25

mm and44.4mm, respectively. Thebeamwith a maximumkinetic energyof 2.63 MeV

anda total bunchchargeof 0.21 nC is achievedat the gun exit. The outputbeamfrom

the asymmetricgun hasasymmetrictransverseshapewith the emittancevalue higher

thanthebeamfrom thesymmetricgun. Theproblemscanbeenlargedwhenthebeamis

transportedfrom the gun throughthe whole acceleratorsystem,which consistsof an

alphamagnet,a travelling wave linac, magnetelementsand relatedbeamdiagnostic

components. ThecodeELEGANT is thenusedto tracktheparticlesfrom thegunexit to

the experimentalstation. Energyslits insidethe alphamagnetvacuumchamberis used

to filter theelectronswith kinetic energiesof lower than1.58 MeV. Studyresultsshow

that the alpha magnetwith a gradient of 360 G/cm provides the minimum energy

spread. The beamproducedfrom the asymmetricRF-gun hashigherenergyspreadat

theexperimentalstationthanthesymmetricone.

Simulation Results
Thea-magnetis an importantcomponent,which haseffect on longitudinalposition

of electronsin the bunch. Its gradientwas varied to investigatethe influence on the

electronbunchlength. Studyresultsshowthat thea-magnetwith high gradientsleadsto

overcompressionof theenergy-time distributionat theexperimentalstation.In contrast,

thea-magnetwith low gradientscannotcompressthe electronbunchwith high kinetic

energypart. Therefore,the optimizationof thea-magnetgradientis necessary. Study

resultsshow that thea-magnetwith a gradientof 360 G/cm providesthe minimum

energyspreadwith the bunchlengthcomparableto othergradientsin the rangeof 300-

400G/cm.

Beamdynamicsimulationswere performedto study the evolution of both symmetric

and asymmetricelectron bunchesfrom the gun exit through the whole accelerator

systemby usingthe programELEGANT with 2nd-ordertransportmatrices. Comparison

results reveal that the maximum and averagekinetic energiesof both casesare

comparablewhile thetransversebeamsizesandemittancevaluesaredifferent.

Energy-time distributions, longitudinal histograms,transversebeam distributions and

phase spaces for the beams from symmetric and asymmetric RF-guns at the

experimentalstationarecompared. Theresultsshowthatthebeamsfrom symmetricgun

haslowerenergyspreadandbetterbeamtransverseshape.

Introduction and Methodology
The electronlinear acceleratorsystemat PBPconsistsof a thermioniccathodeRF

electrongun,analphamagnetasa magneticbunchcompressor,a travellingwavelinac,

magnetselementsand various beam diagnosticsystems. The acceleratoris used to

produceelectronbeamswith shortbunchlengthfor generationof THZ radiation.

TheRF-gunhasasymmetricshapedueto openingportsfor theRF-inputwaveguideand

theside-couplingcavity. This leadsto asymmetricEM field distributioninsidethegun.

AsymmetricEM fields insidetheRF-gunaffect transversepropertiesof electronbeam.

Thebeamhasasymmetricshapeandmaydeviateandhits thevacuumpipewall, when

it travelsfrom theRF-gunexit throughthebeamtransportline.

Beamdynamicsimulationswere performedto study behaviorelectronsby using the

programsPARMELA andELEGANT.
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Conclusion
The dynamicstudies of electron beams in the PBP-CMU linac system were conducted 

for the cases of symmetric and asymmetric RF-gun field distributions in the RF-gun. 

Magnetic field strengths of all quadrupole magnets were optimized to achieve the 

appropriate beam transverse size at the experimental station. The results show that the 

optimal alpha-magnet gradient is 360 G/cm. The beam produced from the symmetric RF-

gun has lower energy spread and better beam transverse shape than the asymmetric RF-

gun. Results of the optimal condition are concluded in the following table.
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