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Abstract
Field emission is a process in which a metal surface emits electrons due to the
presence of a high electrostatic field and is the primary mechanism limiting
maximum achievable bias voltage in direct current (DC) high voltage photoemission
electron guns used at the Jefferson Lab. Gas high voltage conditioning eliminates field
emission from electrode cathodes used in these guns. Several electrodes of various
shapes have been high voltage conditioned over the past few years. In this work,
thousands of data points collected for each conditioning run were analyzed to
characterize each electrode shape. The results show that the field emission onset
voltage is very similar for all three electrode shapes, unlike the cumulative time and
maximum conditioning voltage. Three electrode shapes have been analyzed; Tee with
no shield electrode at the ceramic-electrode interface, large shield electrode, and
small shield electrode. Knowing the behavior of high voltage conditioning will serve
as a baseline about expected behavior, as a guide in designing future electron guns
and for planning the length of time required in their high voltage conditioning phase.

Introduction

Thousands of data points collected for each conditioning run were
analyzed to characterize each electrode shape in regards to field
emission onset voltage, cumulative processing time, maximum
voltage required to eliminate field emission, and field emission
activity.

Data sets

During electrode gas conditioning, the values for the photogun
voltage, current, radiation level and vacuum were recorded. Because
conditioning is a very long process that spans several days, the raw
data set for these parameters includes extended periods of time
where the gun voltage was off, which for analysis purposes the null
data during these periods can be removed. Figure 2 is a graphic
example of what we just said, the voltage record is shown in blue, the
current record in red, radiation level in magenta, and vacuum record
in green. It is very easy to notice the prolonged periods of inactivity
for each parameter, these data complicate and have nothing to
contribute to the effective conditioning process, so it is possible to
remove them.

Methods
Data filtering

The work regarding data filtering was written in a Jupyter Notebook
through the Google Colab platform. Raw data sets must be converted
from a TXT file to a CSV file in order to be used by the Pyton
algorithm. The fundamental idea behind the filtering code is that,
using the Pandas library, a new dataframe is created from the values
that meet one or more conditions of a specific column of the original
dataframe (that is the raw data). So, for example, if we look for values
for the voltage greater than zero, a few lines of code produce the
following result. Graphically this translates to eliminate the gaps that
were in the raw data.

Results and discussion

Some conclusion remarks:

• Field emission onset voltage is independent of electrode shape.

• Field emission activity depends on electrode shape.

• Highest voltage needed for eliminating field emission depends on
electrode shaping.

• Radiation vs voltage curves are very different for vacuum
conditioning compared to gas conditioning.
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High energy and nuclear physics experiments are conducted using
spin-polarized electron beams produced by illuminating a GaAs
photocathode inside a direct current (DC) high voltage photogun with
circularly polarized light. At most facilities, the photocathode is biased
at 100 kV and today’s DC high voltage photoemission guns require
electrodes capable of operating at 100 – 400 kV and at field strengths
of the order of 10 MV/m to provide high brightness electron beams
for accelerator applications. However, above 100 kV there are
operating complications, mainly due to the presence of field emission
[1]. Low level field emission from the cathode electrode has the
effect of degrading the vacuum which in turn reduces the
photocathode lifetime due to ion bombardment. High levels of field
emission can damage the photogun components, in particular the
high voltage insulator. Some important points to keep in mind are:

• Field emission is a process in which a metal surface emits
electrons due to the presence of a high electrostatic field.

• Despite polishing and cleaning, field emission appears and limits
the operational gun voltage.

• Gas high voltage conditioning, using krypton gas, eliminates field
emission from cathode electrodes.

• The behavior and success of gas conditioning depends on
electrode geometry.

In this work, data collected in gas conditioning experiments for three
distinct shapes of electrodes installed in the photoguns at the
Upgrade Injector Test Facility (UITF) and at the Continuous Electron
Beam Accelerator Facility were filtered using a Python algorithm
implemented in a Jupyter Notebook. Finally, the filtered data was
graphed for interpretation and analysis, which will be useful in future
photogun designs and in optimizing the conditioning process.
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Figure 1. Photographs of the three electrodes subject to high voltage gas 
conditioning

Figure 2: Graphs for raw data of voltage, current, radiation and vacuum.

Figure 3: Python algorithm and graph from data filtering for voltage.

Conclusions

Five conditioning runs, in ultra high vacuum and with partial pressure
of krypton gas, were analyzed using the methods described above.
For the runs with Kr, the three electrodes were processed at the UITF,
while for the two runs under vacuum conditions, the large shield
electrode was conditioned at CEBAF and the small shield at the UITF.
The parameters chosen to be analyzed in detail were the voltage
registered for the photogun, in kV, and the radiation, in counts per
second (CPS), since in this way it is possible to relate the increase in
field emission caused by the application of a high voltage. For brevity
we present Figure 4 as an example that shows the obtained results
for the small shield electrode installed at the UITF photogun with
krypton gas conditioning.

Figure 4: Voltage vs Cumulative time (left) and Radiation vs Applied
voltage for the small shield electrode in UITF (with krypton gas).

Figure 5: Comparison between the three electrodes with gas conditioning 
for field emission vs voltage .

Figure 6: Comparison between the three electrodes under vacuum 
conditions for field emission vs voltage.

What was analyzed?

Three different shapes for the electrode have been analyzed
during the gas conditioning experiments carried out between 2018
and 2019 at the Upgrade Injector Test Facility (UITF) and at the
Continuous Beam Accelerator Facility (CEBAF). The three
electrodes are (a) Tee with no shield electrode at the ceramic-
electrode interface, (b) small shield electrode and (c) large shield
electrode. Both shielded electrodes were designed for 200 kV
operation, compared to the 100 kV Tee electrode.

The scatter plots for the two conditioning cases were compared in a
single plot to clearly notice the differences between them. In the case
of conditioning with krypton (Figure 5), it is observed that the field
emission for all electrode shapes occurs at approximately 110 kV and
that it is eliminated at approximately 220 kV , while for the Tee
electrode it requires 230 kV.

Regarding the electrodes conditioned under ultrahigh vacuum
conditions (Figure 6), a similar behavior was observed in both, but
very different from that of gas conditioning, since it was not possible
to eliminate field emission at voltages above 200 kV, which reinforces
the hypothesis that gas conditioning effectively eliminates field
emission sites via sputtering but also as a result of ion implantation
which serves to increase the work function of the electrode.
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