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Abstract.  "Mario Schenberg" is a spherical resonant-mass gravitational wave detector that will be part of a GW
detection array of three detectors. The other two will be built i n Italy and in the Netherlands. Their resonant
frequencies will be around 3.2 kHz with a bandwidth of about 200 Hz. This range of frequencies is new in a field
where the typical frequencies lay below 1 kHz, making the transducer development much more complex. In this
work, the design of the mechanical part of the  transducer will be shown, as well as the attachment  method
between the two-mode transducer and the sphere, the modes of the intermediate resonator and the parametric
microwave transducer parameters goals to reach the quantum limit in this detector.
 PACS: 04.80.Nn, 07.05.Fb, 07.07.Mp

1. Introduction

"Mario Schenberg" will be a 1.2 ton, 20 milli Kelvin resonant-mass spherical gravitational wave

detector, to be built i n the Department of Materials and Mechanics at University of Sao Paulo, and is

expected to start operating around  March 2004. The sphere with 65 cm in diameter will be made using

a copper-aluminum alloy [1] with 94%  Cu and 6%  Al. The distribution of motion sensors in the

surface of the sphere will be based on the work of  Merkowitz and Johnson [2]. Motion sensors are

devices that monitor the motion of the sphere surface. The detector will have six motion sensors also

called  transducers, arranged in the sphere surface in a dodecahedron distribution; the sensors  will be

located as in the center of the 6 connected pentagons in a dodecahedron surface. By analyzing the signal

of this sensors  the intensity and the direction of the incoming gravitation wave could be obtained  [3].

Two other similar detectors are been planned: one in Italy called "Sfera" and  another one in

the Netherlands called  "MiniGrail "  [4]. Together these three detector will form an array of GW

detectors  sensiti ve in frequencies around 3.2 kHz and bandwidth of about  200Hz.

The Brazili an group has decided to use as motion sensors the microwave parametric

transducers, as the ones used in the GW resonant-mass detector NIOBE by the Australian group [5]. For

each of the six transducers, a resonator with  two mechanical modes will be use the as an impedance



match between the sphere surface and a microwave cavity, the first of this modes will be called

intermediate mode and the second will be called final mode, all made in a monolithic structure. In this

work we present some preliminary results on the investigation of such transducers.

 .

2. Optimization of the mass-ratio

A multi -mode transducer would have several advantages over the single mode transducer that

has been well discussed  several times [6, 7, 8]. These advantages include increasing  the detector

bandwidth and improving  the electro-mechanical coupling. To improve these characteristic it is

necessary to keep the mass ratio between the sphere effective mass [2] and the intermediate resonator

equal to the mass ratio between the intermediate and final resonator modes.

Using the procedures presented in [9] with a lump element model, we calculated for different

mass-ratios the sensiti vity of the detector, and we chose the  mass-ratio that implies with the best

sensiti vity. By performing these calculations, and assuming a sphere mass of 1150 kg (the effective mass

is about one third),  a mechanical qualit y factor of 10 milli on for the sphere and a mechanical qualit y

factor of 30 milli on the two transducer modes, we discover that the optimum masses are 750 grams for

the intermediate resonator and 1.5 grams for the final resonator.

3. The transducer design

Using the concepts of a very compact design, with the simplest way to manufacture using as

many machining processes as possible, a very simple design came up as can be seen on Figure 1. On the

bottom of this figure a short cylindrical part can be seen, above this part the smaller block will act like a

spring arm that will bend and allow the bigger block to move up and down. This will be the intermediate

mode of the transducer. In the middle of the bigger block  there is a cylindrical hole and on the bottom

of this hole there is a membrane that will also vibrate up and down, wich will be the final resonator.

As the transducer mode vibrates it changes the capacitance inside the microwave cavity, mainly

close to the central post where the displacements are bigger. This arrangement can be seen on Figure 2.



Figure 1: The transducer design. The top left figure shows the front view. The top right figure shows s

the side view. The figure on the bottom shows the top view.

4. The attachment

The method used to attach the transducer is the differential thermal contraction under cooling,

a idea similar  to  the method used by the LSU gravitational wave detector group [10,11]. The difference

is that  the LSU group uses this method to attach the last mode to the intermediate mode, while in the

Brazili an project the two last modes will be attached to the sphere itself by this method. The procedure is

described as the follows: a circular hole will be drill ed on the sphere surface very carefull y and very

roundly; a circular bar, also very round, located  in the lower part of the transducer, will be inserted



inside the circular hole as tightly as possible and when the detector is cooled down the hole walls will

contract more than the circular bar because the sphere is made of copper-aluminum alloy and the

transducer is made of niobium. The purpose is to combine a very tight attachment with one that does not

degrade the mechanical qualit y factor of the system while allowing all the component easy to be

manufactured. This idea is summarized in the Figure 2.

Figure 2: A cut view of the transducer showing how it will be attached to the sphere and where the

microwave cavity will be located.

5. Frequencies of the transducer intermediate mode

In order to design the intermediate transducer  mode resonant with the frequency of the antenna

while keeping the remaining modes non-resonant with this frequency,  a series of simulations in a finite

elements program was made and the results are the following:

- the lowest frequency found was 1833 Hz and the motion is characterized by the

displacement of the bigger block sideways (see Figure 3);

- the second lowest frequency found was 2329 Hz and the motion is characterized by  a

torsion of the smaller block around an axis in the space between the blocks and parallel to

the paper;



- the third lowest frequency was the transducer mode and was found as 2191 Hz (see Figure

4);

- the fourth lowest frequency was found to be 3793 Hz and the movements was a torsion

around an axis in the center of the blocks.

In  figures 3 to 4 the cylindrical part on the bottom is not shown, only the restraint is kept.

Figure 3: Lowest frequency intermediate resonator mode.

Figure 4: Third lowest frequency intermediate resonator mode.



6. Comments and future work

 The Schenberg detector is expected  to attain the quantum limit. this will be possible if

several goals are met, including an electrical qualit y factor of 10 milli on,  a rate of change in the

resonant frequency to the displacement (df/dx) of 1016 Hz/m, and a phase noise of the microwave

source of -150dBc. The Brazili an group is presently working on these issues.
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