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Abstract
The Schenberg gravitational wave detector is almost completed for operation
at its site in the Physics Institute of the University of São Paulo, under the full
support of FAPESP (the São Paulo State Foundation for Research Support). We
have been working on the development of a transducer system, which will be
installed after the arrival of all the microwave components and the completion
of the transducer mechanical parts. The initial plan is to operate a CuAl6%
two-mode parametric transducer in a first operational run at 4.2 K with nine
transducers and an initial target sensitivity of h ∼ 2 × 10−21 Hz−1/2 in a 50 Hz
bandwidth around 3.2 kHz. Here we present details of this plan and some
recent results of the development of this project.

PACS numbers: 04.80.Nn, 95.55.Ym

1. Introduction

Cryogenic resonant-mass antennas are still the most sensitive instruments for detecting high
frequency burst signals of gravitational waves [1]. Bar antennas have achieved strain noise
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Figure 1. Schematic view of the Schenberg detector.

power spectral density as low as 10−21 Hz−1/2 around 900 Hz [2]. Spherical antennas of
similar or higher sensitivity, which will be able to localize the emitting source in the sky
because of their omnidirectionality, are under construction [3]. One of these is the Brazilian
Mario Schenberg antenna [4]. Figure 1 shows a schematic view of this detector.

This 1.15 ton and 65-cm-diameter CuAl6% antenna will have a strain noise power spectral
density of 2 × 10−23 Hz−1/2 when it reaches the standard quantum limit of sensitivity, at about
20 mK [5]. It will be operating in coincidence with the Dutch Mini-GRAIL antenna and some
long baseline laser interferometer detectors, [6] searching for high frequency events in the
3.0–3.4 kHz frequency bandwidth.

2. The progress made

The Mario Schenberg gravitational wave detector is almost completed at its site at the Physics
Institute of the University of São Paulo, in São Paulo city, Brazil, under the full support
of FAPESP (the São Paulo State Foundation for Research Support). This includes all the
‘heavy’ parts of the detector (the cryogenic chambers, the antenna vibration isolation system
and the antenna itself). We have made a first cryogenic run for an overall test, in which we
measured the mechanical Q (figure of merit) of some of the five spherical antenna quadrupole
modes, which are spread in the 3172–3240 Hz range due to the broken symmetry caused by
the axial hole machined inside the spherical antenna. Values close to Q = 2.7 million were
found around 2 K [7]. We also changed the ‘springs’ of the vibration isolation system in
order to improve its performance in both vibration and thermal isolation. Instead of the old
CuAl6% C-shape springs, we are using titanium–vanadium (90Ti-4V-6Al) little rods or pins.
Figure 2 gives a close view of one of these pins and the overall vibration isolation system
assembled.
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Figure 2. New vibration isolation system for the antenna.

Figure 3. Details of the transducer attachment to the spherical antenna.

3. First goal and future plans

We will install nine complete transducer-amplifier systems and the data acquisition hardware.
Figure 3 shows details of the transducer attachment to the spherical antenna. Six of the
positions follow the truncated icosahedron configuration and the other three were chosen to
have the same ‘latitude’ as the bottom ones and the same ‘longitude’ as the top ones.
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Figure 4. Schematic view of the non-contacting 2-mode CuAl6% parametric transducer with
closed reentrant cavity.

Figure 5. The 2-mode CuAl6% parametric transducer.

Our plan is to make a test with nine transducers attached to the antenna at 4.2 K, trying to
reach a strain noise power spectral density of 2 × 10−21 Hz−1/2, in a 50 Hz bandwidth around
3.2 kHz by the end of 2005. This will be our first goal.

After that we plan to assemble a dilution refrigerator in order to be able to operate the
antenna with the same transducer–amplifier system at 15–20 mK in 2006. We also plan to
equip Schenberg with cosmic ray detectors for veto purposes by 2006.
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Figure 6. First goal sensitivity for the Schenberg antenna at 4.2 K. The curves are strain noise
power spectral densities for the five quadropole modes (mode channels).

We will use parametric transducers, each of them composed, among other parts, by a
re-entrant (klystron) cavity pumped at a microwave frequency (X-band). The schematic view
and pictures of the non-contacting (microstrips) 2-mode CuAl6% parametric transducer with
closed re-entrant cavity are shown in figures 4 and 5. The transducer will have two mechanical
modes tuned to 3.2 kHz, one will be composed by a 53 g intermediate mass and the other
by a 10 mg (membrane) mass. When coupled to the 1.15 ton spherical antenna, which
has an effective mass of about 287 kg in each of its fundamental quadrupole modes [8, 9],
the transducer will amplify the amplitude oscillation of the spherical antenna by a factor of
(287 kg/10 mg)1/2 ∼ 5 k.

A microstrip antenna manufactured at the back of the transducer will receive the
microwave carrier, which will activate the cavity, and transmit back the modulated signal
to the cryogenic amplifier. We are going to use HEMT amplifiers, as the Australian group
was planning to use in Niobè [10]. These amplifiers are available on the market with noise
temperatures of about 8 K, which represents less than 12 h̄ in sensitivity (Tn = 8 K ∼
11.5 h̄ ω/kB ln 2) [11].

Figure 6 shows the predicted strain noise power spectral density considering conservative
parameters and the Schenberg antenna operating at 4.2 K.
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