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1 Introduction

The main goal of this Work Package is to describe all the necessary work
that was done on the Hemispherical Deflector Analyser (HDA) to prepare
it for spectroscopic measurements.

2 Preparation and placement of the HDA

After the first connection between the Chamber housing the HDA and the
Beam Line was established, on December 2013, a trial placement of the
HDA took place. The HDA was carefully placed but only roughly aligned
at this stage. In the same month, an order for electroformed mesh[1] (94%
transmission) was placed. The purpose of the mesh is to minimize the
intrusion of electric fields created by outside potentials, and thus isolate
the HDA’s electrostatic field. Furthermore, auxiliary mesh is also used to
protect the detector surface from being hit by background electrons. This is
the the mesh to which the potential Vgrid is applied to, which is a little more
negative that the plate potential Vp. Of course, this comes at a cost, since
the electron transmission is diminished by a factor proportional to each of
the single mesh transmission and thus the overall transmission of N meshes
is T = TNmesh and should always be taken into consideration.

Figure 1: Preparation for disassembly of the HDA. Although the analyser
is made of large parts, there is a great number of tiny insulating sapphire
balls, so extra caution is needed during this procedure.

On January 2014, a test of cable connectivity was ran, which however
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resulted, on the 12th of February, 2014, in complete disassembly of the HDA
for cleaning and servicing (with the help of Prof. Emmanouil Benis) as
shown in Fig. 1. After the disassembly, all parts were cleaned from the
any old coatings and dust. All screws were cleaned in the ultrasonic bath
with the use of alcohol. After the cleaning process, a new carbon coat

Figure 2: Disassembly of the HDA. The carbon coated hemisphere is the
inner sphere V1 electrode. Beneath it, is located the plate electrode on
potential Vp. The lower hole corresponds to the entrance of the analyser,
and the upper hole to the exit. The HDA electrodes are stacked on the
support plate and electrically isolated to about 5kV using sapphire balls.

was applied over the V1 and V2 electrodes of the HDA using a special
conducting Graphite Spray (Müller & Rössner). This procedure leads to a
smooth surface and minimizes the effect of contact potentials and charge-
up. However, extreme caution is needed since any dripping of the carbon
paint on the isolating parts can ruin hours of work. In Fig. 2 the coated V1

electrode is visible.
Apart from the V1, V2 and Vp electrodes of the spectrograph, carbon

coating was also applied to the inner surface of the injection lens electrodes.
After that, the lens and the spectrograph were reassembled, ensuring at
every step that all electrodes communicate with their corresponding cable,
and that there was no electrical shorting between any of them.

The final stage of the assembly was the replacement of the electroformed
grids. In total, there are three meshes used at the exit of the HDA between
plate and Position Sensitive Detector (PSD), resulting in an overall mesh
transmission of 0.943 = 0.830584. After the assembly, in March 2014 the
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analyser was placed back into the chamber and was once again aligned,
along with the target Gas Cell. The PSD was placed on the HDA and
all the electrodes were checked for proper conductance. The MCPs were
also checked by applying test voltages to them. In April 2014, all parts of

Figure 3: SolidworksTMdesign of the HDA with the paracentric entrance
injection lens and the PSD. Each color denotes a different potential applied
to the HDA.

the analyser were designed with the use of SolidworksTMCAD software (see
Fig.3). Since the CAD files were based on the official blueprints of the HDA
this modelling of the set-up increased significantly the design options. In
addition, there were major corrections in the SimionTMgeometry files used
to model the HDA.

3 Control and DAQ Testing

In May 2014, the DAQ modules[2] from ATOMKI (Debrecen, Hungary) ar-
rived in our Laboratory. For the first tests, a hot-wire electron gun was
constructed for testing of the new equipment with actual electrons. Af-
ter the installation and the debugging, the high voltage Control Unit from
Fasmatech[3] also arrived, which enabled us to focus on the proper integra-
tion of the two systems on the experimental apparatus.

By June 2014, although there were all the indications for good operation,
the resolution of the spectrometer was found to be bad as the entry lens
did not seem to have any effect. After careful testing, this eventually led
to the partial disassembly of the lens itself, where the carbon coating was
removed from the lens in case it was shorting even though no shorts could be
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Figure 4: Screenshot of the first spectrum. There seems to be a displacement
of part of the spectrum perpendicularly to the energy (horizontal) axis.

found. Upon retesting the resolution no improvement was found. However,
it soon became clear that possibly too much current was driven into the
hot wire e- gun, leading to the creation of an enormous amount of electrons
that developed space-charge effects, cancelling the focusing effects of the
lens. Soon, a potentiometer was added on the electron gun, providing the
capability of controlling the electron flow towards the lens.

4 µ-Metal Shielding

On the 28th of July 2014, the first spectra using C+4 ions, at 12 MeV beam
energy was acquired. While the resolution was adequate and the PSD and

Figure 5: Measurements for magnetic fields inside the Chamber.
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DAQ seemed to work well as can be seen in Fig. 4 [4], the 4P Auger line
is seen to be misaligned from the other lines. After some thought, it was
realized that this effect could arise from insufficient µ-metal shielding as the
length of the electron path from the center of the target gas cell to the lens
entry is about 249 mm and was not yet adequately shielded. This actually
affected more the prompt Auger lines that were all emitted from the gas
cell itself and to a lesser extent the 4P peak which being metastable decayed
mostly outside the gas cell and closer to the lens thus being deflected less
from its trajectory. For this reason, a mGauss meter was bought[5]. Two
different sets of measurements of the Earth’s magnetic field were performed
by Mr. Laoutaris. One for the characterization of the mGauss meter and
one for the HDA chamber, along with the path from the Gas Cell up to the
HDA.

Figure 6: Placement of µ-metal tube. The tube is less that 5mm close to
the exit of the Gas Cell, and it extends up to the entrance of the lens - VL6.

Two additional coaxial µ-metal cylinders were installed along this path
(Fig. 6) improving overall shielding. A new spectrum taken in September
2014 showed now that all Auger lines were properly aligned along the dis-
persion axis of the HDA. The corrected spectrum is shown in Work Package
8.
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5 Electron gun

During the installation of the DAQ on May 2014, a need for proper testing
rose. A quick solution was found as discussed in section 3, by constructing
a simple hot-wire filament electron gun.

Figure 7: Simple hot-wire e-gun with 4.8 V floatable battery.

Basically, the e-gun is a light bulb circuit with two AA batteries, and
a potentiometer, to adjust the current flow and subsequently the electron
emittance. Then, the circuit is raised to the desired potential, in order to
control the energy of the produced electrons (see Fig. 7). All necessary
precautions were taken with the use of insulating parts and full grounding
for protection. The structure was completed in a teflon base, and supported
under the target gas cell.

Later on, the aperture initially used on the bulb was removed since
SimionTM[6] simulations showed that it could cause major defocusing of the
beam. Furthermore, the Tennelec HVPS[7] that controls the energy of the
electron beam was connected to the FasmatechTM[3] Control Unit for better
control of the E-gun potential, through the LabviewTMProgram.

Future designs include adding a new, more sophisticated electron gun,
along with a complementary power source.

6 h-Dependence measurements preparations

To understand the concept of this section, one should be familiarized with
a few characteristics of the paracentric HDA. As can be seen in Fig. 3, due
to the paracentric entry of the electron beam, the focusing capabilities and
the general properties of the HDA are strongly correlated with the fringing
fields developed at the electrodes V1,2. It has been shown both in simulation
[8, 9, 10, 11, 12] and in experiment [13] that these fields can complement
the focusing action of the lens, resulting in almost “ideal field” focusing
conditions. In order to achieve that, the electron beam does not need to
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focus exclusively on the boundary plane (θ = π
2 ) during entrance but at a

later point depending on the values of parameters W and F . One therefore
expects that the refocusing of the beam at the exit of the analyser might
vary, regarding always the aforementioned variables. So, the concept of this
side-project is to be able to vary the distance h of the PSD from the final
grid [10], in an easy, secure and quantitative way.

Figure 8: First tests of the piezo-motor to ensure correct operation and
alignment. More important, since the motor can not deliver more than 4
Newtons of force, proper care for the minimization of friction and other
resistances such as the cables to the PSD.

A specialized piezo-electric motor[14] (a motor without any magnetic
fields was needed) along with a dedicated controller[15] from NewportTMwas
bought. The purpose of the motor is to control the position of the aluminium
rod, on which the PSD is mounted. A brass base along with an aluminium
mount were constructed and assembled, as seen in Fig. 8. Since the proce-
dure of installing and removing the PSD is a very delicate procedure, special
care was taken regarding the simulation of the process outside the Cham-
ber, to make sure that no problems would occur once it was installed. The
measurements are still in progress. Future plans include the inclusion of the
supplied software into the FasmatechTMsoftware.

7 Tandem Parallel-Plate Analyser

The Tandem Parallel-Plate Analyser is a combination of two parallel plate
analysers in series. This spectrometer will be used for any measurements
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Figure 9: SimionTMsimulation of
the tandem PPA. For the electrons
that are emitted along the path
d the effective solid angle varies
as a function of x:∆Ωeff (x) =

wl√
2(S+d−x)(S+L1+L2+d−x)

.

(such as around the Cusp) which cannot be accomplished with the HDA.
To date it has not been used, even though we have already started extensive
simulations using SimionTMsoftware.

Future plans include the placement of the tandem PPA in one of the
two available chambers.
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