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Laser Interferometry Space Antenna (LISA)
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Gravitational Reference Sensor(GRS)

Test Mass: free-falling geodesic reference

Electrode Housing: capacitive position
sensing(nm/

√
Hz) and force actuation(nm/s2)

Charge Management system: discharges the
test mass shining UV light

Caging systems: keep the test mass in place
during lunch and release it with µm/s residual
velocity

Vacuum chamber: provide controlled
environment
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Capacitive Sensing and Actuation

Schemes for linear and angular actuation
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LISA Noise Requirements

Strain equivalent noise PSD
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numbers from LISA Red Book
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Stray Electric Fields and Test Mass Charge

TM
d+xd-x

The total Test Mass charge QTM couples with the residual stray
electrostatic fields from the electrods ∆x into a force(acceleration) noise.
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|QTM | ≤ 2.4 pC ⇔ |VTM | ≤ 70mV

Francesco Venturelli(University of Trento/INFN-TIFPA) GRASS 2024, Trento September 30, 2024 5



Charge Management System

Particles from cosmic ray and solar wind
with E ≥ 100MeV produce a net
positive charging of the TMs with rate
λnet = 1 - 100 e/s.

from Charging of free-falling test masses in orbit due to cosmic rays: Results

from LISA Pathfinder, Physical Review D 107, 062007(2023)

The Charge Menagment System(CMS) counters the charging
by discharging the TMs via the photoelectric effect. LISA
CMS will shine UV light at ∼250 nm(∼4.9 eV). Two possible
discharge strategies are aviable:

Fast Discharge: light is shone for 600 s when
QTM = 2.4 pC to discharge it to −2.4 pC, corresponding
to a 4 fA photocurrent

Continuous Discharge: shining light while the TM is
around the equilibrium point(possibly at QTM = 0pC),
the TMs is kept below the noise requirement,
corresponding to a continuous 4 aA photocurrent
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Why a new facility?

Mock Go     Gold Test SurfaceSample

LPF demonstrated in-flight
operability of the system,
but with variability of the
yield properties for
different surfaces

Yield stability is needed for
continuous discharge

Yield change explanations
are qualitative

Try to replicate the
worrying “0-Yield”
measurement of LPF
testing

Test with integrated GRS

from Davide Dal Bosoco Ph.D thesis, and Peter Wass et

al. work at Imperial College
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End-to-end discharge facility
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Direct control of potentials
applied to EH and electrodes
of Z+ face

Demonstrated sensibility of 0.9 fA
with 10mHz input signal

The measurements have
less resolution than
the torsion pendulums’,
but are faster(hours instead of days)
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Photocurrent Measurements

Modulation of VTM

Actually im = i(VTM)− i(0V )

Need to measure darkcurrent Rleakage ≈ 12TΩ

Modulation of light source

VTM is fixed

Only one measurement needed
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Experimental Discharge Curves

VTM = −VEH − αVinj

α =
Cinj

Ctot
= 0.12

Yield Y = (I/e)/(PUV /EUV )
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semplified facility scheme

end-to-end facility
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Experimental Discharge Curves

Ideal discharge curves

from Davide Dal Bosco Ph.D. thesis

end-to-end facility
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Experimental Discharge Curves

4TM Torsion Pendulum

from Davide Dal Bosco Ph.D. thesis

end-to-end facility
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Next up

Verify ability to predict discharge curves for any VINJ applied, knowing the
curve for VINJ = 0V

Transfer the measurement technique to OHB-I for testing on EM, QM and
FM of LISA from next year

make the facility bake-out capable to repeat the conditions that led to yield
disapperance during LPF testing
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Noise PSD
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