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1. Context
Seismometers are now likely to be placed on other
planets and a seismic return on the Moon is currently
considered. Indeed, the √
Apollo seismometers had a
good sensitivity : 60 pm/ Hz at 1 Hz but were however unable to detect all the seismic signals produced
by the Moon, like the « lunar continuous meteoritic
hum » estimated to be about 1/100 of the Apollo sensors resolution (Lognonné et al. 2009). The different
core seismic phases, although detected through stacking (Weber et al. 2011, Garcia et al. 2011), have not
also been individually recorded. A new generation of
broadband planetary seismometers, 100 to 1000 times
more sensitive than the Apollo ones is thus required.
The idea consists in using the gravitational waves detectors’ technology which is the reference in terms
of interferometric measurements at low frequency and
very low noise levels in order to improve the performances (linearity and noise level) of the seismometers’ mass displacement sensors.
√ The final objective is
to reach a sensitivity of 40 fm/ Hz at 1 Hz.

contains the unaltered sidebands and the phase shifted
carrier. This shift depends on the offset between these
frequencies. The important parameter of the PoundDrever-Hall method is , the error signal, which is the
amplitude of the sinusoidal signal at the modulation
frequency reflected outside the cavity. It can be extracted by using a demodulation and is equal to zero in
the perfect case of a laser beam frequency equal to the
cavity resonance (Black, 2001). Then, this quantity of
interest is sent thanks to a feedback loop to the laser in
order to lock its frequency.

3. Optical readout global design

2. Pound-Drever-Hall method
An optical readout is proposed, based on the PoundDrever-Hall laser frequency stabilization method. This
technique allows to lock a laser frequency on the resonance frequency of a Fabry-Perot cavity. This kind of
cavity acts like a frequency filter with reflection holes
(which correspond to resonances) regularly separated
by one FSR (Free Spectral Range). The idea is to
send many frequencies inside the cavity. To do that,
a phase modulation of the signal is realized by using
an EOM (Electro-Optical Modulator) which keeps the
signal carrier and creates two sidebands at +fm and
-fm , with ωm the modulation frequency. These different frequencies have different reflections inside the
cavity and their combination is equal to zero only if
the incident light frequency is exactly the cavity resonance frequency. In the perfect case, the cavity output

Figure 1: Global design of the optical readout proposed for the mass displacement sensor of a planetary
seismometer. Red lines represent the optical fiber and
black lines the electronic links.
The global design shown on Fig. 1 contains 2 backto-back FP cavities with a central plan mirror which
is supposed to be linked to the arm of a seismometer. The "reference" cavity allows to lock the laser frequency on its resonance by using the Pound-DreverHall method. The measurement of the reflected light
outside the second cavity allows to determine the central mirror motion and thus the ground acceleration.

To do that, an additional EOM is placed to create like
a second laser beam, at a different frequency, which is
locked on the second cavity (Fig. 2). Its modulation
frequency is tuned to match one new sideband with
the second cavity resonance. In a perfect case, both
cavities have exactly the same length, which means
exactly the same FSR. The correction which has to
be applied on the second EOM to keep the match between one new sideband and the cavity resonance allows to determine the difference between the both resonance frequencies (of both cavities) which is an information about their difference of length and thus about
the ground acceleration.
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Figure 2: Result diagram of both feedback loops. First
cavity resonance comb is in purple and the second one
is in blue. The signal after passing through both EOM
is represented in orange.

4. First results

noise, thermorefractive noise, Brownian noise). Their
worst estimated values and the measured
√ cavity gain
induce a total sensitivity of 12.8 fm/ Hz at 1 Hz in
the worst case. This value is widely under the best expected sensitivity but calculated by only considering
the optical and mechanical parts.

5. Summary and Conclusions
The Pound-Drever-Hall method is studied in order to
build an optical readout to replace the current mass
displacement sensors of the broadband planetary
seismometers. A global design is proposed
√ to reach a
maximum sensitivity of at least 40 fm/ Hz at 1 Hz.
The study of the first performances realized thanks
to the implementation of the first loop are highly
encouraging.
The next steps are to close the first loop in order to
lock the laser frequency on the first cavity resonance
and make the first measurements of noise. Then, the
second loop has to be built to observe the second locking (second EOM) in order to set the central mirror
in motion in the future and have the first experimental measurements of the optical readout performances.
Some design improvements were also already identified for the optical cavity.

Acknowledgements
We acknowledge the financial support of ANR-11IDEX-0005-02 and the additionnal support of ANRSIMARS.

References
[1] Lognonné, P. et al.: Moon meteoritic seismic hum:
Steady state prediction, Journal of Geophysical Research,
Vol. 114, 2009.
[2] Weber, R. C. et al.: Seismic Detection of the Lunar Core,
Science, Vol. 331, pp. 309-312, 2011.

Figure 3: Implementation of the first cavity in a cleanroom. A 21.8 mm length induces a FSR of 6.876 GHz.
The first cavity is implemented in a cleanroom (Fig.
3) and its gain is measured. All the following noise
source contributions are theoretically considered: shot
noise, laser frequency stabilisation, cavity mechanical
deformation, thermal common noise, temperature gradient, thermodynamic agitation noises (thermoelastic
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