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Abstract
We present results on the simulation procedure for finding the optimal lens

voltages of a biased paracentric hemispherical deflector analyzer (HDA)

with a 4-element injection lens and a 2-D position sensitive detector (PSD)

used for high resolution Auger projectile electron spectroscopy at the new

atomic physics experimental station used in our APAPES collaboration [1].

The spectrometer is shown in Fig. 1.

The optimization was carried out by simulations using the SIMION 8.1

package [2]. SIMION solved the Laplace equation in the lens and HDA for

the given geometry of the experimental setup utilizing the finite difference

method. Simple initial electron distributions were flown through the lens

entry aperture, through the HDA and on to the PSD. The two lens voltages

VL4 and VL5 were varied as free parameters while various criteria were used

to select the optimal voltages [3] such as minimization of the beam spot at

the 2-D PSD, minimization of the lens magnification and beam angle at the

lens image plane etc. in an effort to obtain improved energy resolution. The

beam trace width xspan along the dispersion direction at the PSD was

recorded for each fly. The simulations were carried out for various lens pre-

retardation factors F. SIMION results were also crossed checked using the

boundary-element method (BEM) [4] and found in good agreement.

The lens voltages obtained from simulations this way will be tested on the

new electron spectrograph at the Demokritos 5 MV Tandem Accelerator

Laboratory, with the expectation that they will provide improved energy

resolution compared to the previously used empirically found lens voltages.
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Fig. 1: Schematic representation

of the spectrograph consisting of

an input lens, the HDA and the

PSD. All the important elements

are shown. Each colour represents

a different voltage. VL4 and VL5

are the lens voltages varied in the

simulations. Vp is responsible for

the final electron deceleration.

Geometry files used in SIMION 8.1 utilized surface enhancement for highest

accuracy conditions for system dimensions as well as the grid unit density

Voltage parameters of each element of the injection lens as well as the initial

conditions of the electron beam were controlled independently in SIMION with

the use of Lua programming.

The entire voltage space of both VL5,VL4 lens voltages was scanned in steps of

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

direction xspan and along the focusing direction yspan was recorded for each

combination.

Minimum beam spot size was found to be correlated with HDA optimal energy

resolution.

Fig. 2: Panoramic view of the APAPES beam line

Results:
The results of the simulations are presented below for a test energy beam of 1000 eV.

Beam trace widths xspan and yspan vs. VL4 and VL5 lens voltages 2-D contour plots are

presented together with some 2-D beam spots determined on the PSD.

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

VL5 lens voltages for 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  

Conclusions and Future

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 – each square has a side of 0.254mm
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