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Abstract
We presentresultson the simulationprocedurefor finding the optimal lens

voltagesof a biasedparacentrichemisphericaldeflector analyzer(HDA)

with a 4-elementinjection lensanda 2-D positionsensitivedetector(PSD)

usedfor high resolutionAuger projectile electronspectroscopyat the new

atomicphysicsexperimentalstationusedin our APAPEScollaboration[1].

Thespectrometeris shownin Fig. 1.

The optimization was carried out by simulationsusing the SIMION 8.1

package[2]. SIMION solvedthe Laplaceequationin the lensandHDA for

the given geometryof the experimentalsetuputilizing the finite difference

method. Simple initial electrondistributionswere flown through the lens

entry aperture,throughthe HDA andon to the PSD. The two lensvoltages

VL4 andVL5 werevariedasfreeparameterswhile variouscriteriawereused

to selectthe optimal voltages[3] suchasminimizationof the beamspotat

the 2-D PSD,minimizationof the lensmagnificationandbeamangleat the

lensimageplaneetc. in an effort to obtainimprovedenergyresolution. The

beam trace width xspan along the dispersiondirection at the PSD was

recordedfor eachfly. Thesimulationswerecarriedout for variouslenspre-

retardationfactorsF. SIMION resultswere also crossedcheckedusing the

boundary-elementmethod(BEM) [4] andfoundin goodagreement.

The lensvoltagesobtainedfrom simulationsthis way will be testedon the

new electron spectrographat the Demokritos 5 MV TandemAccelerator

Laboratory,with the expectationthat they will provide improved energy

resolutioncomparedto thepreviouslyusedempiricallyfoundlensvoltages.
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Fig. 1: Schematicrepresentation

of the spectrographconsistingof

an input lens, the HDA and the

PSD. All the important elements

areshown. Eachcolour represents

a different voltage. VL4 and VL5

are the lensvoltagesvaried in the

simulations. Vp is responsiblefor

thefinal electrondeceleration.

×Geometryfiles usedin SIMION 8.1 utilized surfaceenhancementfor highest

accuracyconditionsfor systemdimensionsaswell asthegrid unit density

×Voltageparametersof eachelementof the injection lensaswell as the initial

conditionsof theelectronbeamwerecontrolledindependentlyin SIMION with

theuseof Luaprogramming.

×Theentirevoltagespaceof bothVL5,VL4 lensvoltageswasscannedin stepsof

ȹV=10V while the size of the resulting beam spot along the dispersion

direction xspanand along the focusing direction yspan was recordedfor each

combination.

×Minimum beamspotsizewasfoundto becorrelatedwith HDA optimalenergy

resolution.

Fig. 2: Panoramic view of the APAPES beam line

Results:
The resultsof the simulationsare presentedbelow for a test energybeamof 1000 eV.

Beam trace widths xspan and yspan vs. VL4 and VL5 lens voltages2-D contour plots are

presentedtogetherwith some2-D beamspotsdeterminedon thePSD.

Figure 3: 2-D contour plots of the beam trace widths xspanand yspan(in mm) and their sum vs. VL4 and 

VL5 lens voltagesfor F=1. Ten values of optimal voltage sets of VL4 and VL5 are displayed with black 

dots . Empirically discovered len voltages using Auger lines are shown with white circles and squares.  

Figure 4: Same as Figure 3, but for  F=4  

Figure 5: Same as Figure 3, but for  F=6  

ConclusionsandFuture

×Results for F=2, F=8 and F=10 will soon be available too

×The simulation results will be tested in the laboratory on the experimental apparatus with 

Auger lines from ion beam collisions with various gas targets. 

Figure 6: 2D beam spots for F=1 and F=4 ïeach square has a side of 0.254mm
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