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Abstract. In 2011, the European Space Agency (ESA) entrusted Astrium GmbH
to identify the root cause and corrective measures for the shortcomings of the LISA
Pathfinder discharge system baseline that were identified during the system level testing
in the torsion pendulum at the University of Trento. The maingoal was to maximize the
discharge system robustness under the given constraint to minimize the impact on man-
ufacturing and the AIT process of the existing flight hardware. Astrium GmbH set-up a
dedicated discharge working group (DWG) for 9 months, bringing together the exper-
tise of surface scientists (DLR Stuttgart, Uni Würzburg, Uni Modena, BEAR Trieste)
with the existing significant knowledge in the LTP community(Uni Trento, Imperial
College London, CGS, Selex Galileo, TWT GmbH, ESA). The findings resulted in a
recommendation to modify the baseline discharge system of LISA Pathfinder, includ-
ing the definition of dedicated manufacturing and AIT requirements. These findings
have relevance also for LISA/NGO, since they allow for a significantly more robust
discharge system design.

1. Problem Formulation

The robustness of the contact-free, photo-emission based UV discharge system design described
in Sumner et al. (2004), used to discharge the free-flying inertial sensor test masses on-board
LISA Pathfinder, showed to be marginal. The UV light energy isclose to the electron emission
threshold of the air-contaminated gold surfaces and the functionality and performance of the
baseline design is highly sensitive to the inherent variations of the surface photo-emission prop-
erties. Thus, the functionality of the discharge system design to realize negative and positive
discharge rates (bipolar discharging) relies on equality of specific photo-emission parameters
like the quantum yield and the workfunction. The goal of the DWG was to increase the system
robustness in order to realize bipolar discharging, with the constraint to minimize the impact on
the manufacturing and AIT process of the existing flight hardware.

2. Discharge Working Group Fields of Investigation

Two main fields have been investigated in the scope of the DWG:The underlying surface
physics of the photo-emission process under UV illumination close to the emission threshold,
and the model based robustness and performance analysis of UV discharge systems for iner-
tial sensors in space. The results from the surface physics work were used to parameterize the
mathematical models to obtain reliable model predictions.

2.1. Surface Physics

Two sample level measurement campaigns at DLR Stuttgart andUni Würzburg have been per-
formed in the scope of the surface physics work. The main goals were to gain a profound
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understanding of the photo-emission process (e.g., characterize the quantum yield and the ki-
netic photo-electron energy distribution of air-contaminated gold surfaces), to understand the
impact of adsorbents on the surface properties, to quantifythe reproducibility of the surface
properties after exposure to air and subsequent annealing,and to identify and measure possible
stable “hot-spot” materials that have a larger quantum yield compared to gold. In total, 6 gold
and 5 hot-spot samples, each with 3−4 yield measurements and 12−24 hours of bake-out, have
been measured at DLR; 237 yield measurements on 14 samples and 11 materials (including
Ni-Au, Ag-Au, Cu-Au, Cs, Hg) have been measured at Würzburg. The acquired data (together
with previously gained sample measurement results at Uni Modena) have been analyzed by
Astrium GmbH. A detailed discussion of the results is given in Hechenblaikner et al. (2012).

2.2. Discharge Modeling

A comprehensive numerical analysis toolbox has been developed by Astrium GmbH. The tool-
box is used to determine key parameters of UV discharge systems and to set up an analytical
discharge model. The analytical model was used to assess therobustness and the performance
of the baseline UV discharge system design and of various design modifications. The discharge
toolbox includes ray tracing simulations for the calculation of the inertial sensor UV illumi-
nation as well as electron tracing simulations to assess thetransition probabilities of photo-
electrons between the test mass and the inertial sensor housing surfaces (both relevant for the
finally obtained test mass discharge rates). The electron tracing considers the electric AC fields
within the sensor (calculated with a finite-element tool), and the derived quantum yield and ki-
netic energy distribution from the surface physics work. A detailed discussion of the discharge
modeling and the obtained robustness and performance figures for the baseline design and the
proposed modifications can be found in Ziegler et al. (2012).

3. Conclusion and Proposal for LISA/NGO

The baseline LISA Pathfinder discharge system has been analyzed and modifications have been
proposed in order to increase the marginal system robustness. A profound understanding of
the underlying surface physics and a comprehensive mathematical modeling toolbox have been
established at Astrium GmbH. Based on the surface physics and system level knowledge, a
more robust UV discharge system has been designed and analyzed by means of the discharge
toolbox as described in Ziegler et al. (2012). The design is proposed to be used for the inertial
sensor (gravity reference sensor) of the future LISA/NGO mission.
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