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Acoustic detector noise budget:one dimensional lumped model
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Practical limits to the K

Passive transducers
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for cryogenics
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Methods to increase the efficiency: resonant transducers

Mechanical signal amplified before the transduction

One mode transducer  H.J. Paik, Jour. Appl. Phys. 47, 1168 (1976)
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Two mode transducer 1.p. Richard, Phys. Rev. Let. 52, 165 (1984)
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Increment of a around resonance = \/M san ! M isr

Bandwidth upper limit=v,, \/ My Mg

Velocity transformer . Blair et al, Appl. Phys. 20, 162 (1987)

Broad Band amplification but still a complete thermal noise analysis is missing
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Auriga method: Resonating matching line
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Enhancement of the transducer efficiency — ©.-—
around the mechanical modes
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Tuning the electrical mode to the mechanical modes require
a very high electrical Q quality factor

This because the equivalent electric mode mass
is light
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Auriga operate with a Q factor of ~ 500.000
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Auriga Output PSD at 4.5 K
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Around the sensitivity bandwidth Auriga noise 1s
dominated by LC thermal noise
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Auriga readout

Double SQUID white band noise
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AURIGA present Sensitivity
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Increase the bandwidth: The Dual detector

7

Solution One:
Wrong! Dominated by thermal

and BA of the reference mass

Elastic Body Test
Sensitive to GW Mass M,
R Solution Two:
Ay
M, , f, M,, T,
Solution Three:
Ay e M, ~M, and same CM
\\\\\\\\\\\\\\ - Dual Detector
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Considered geometries for Dual

Dual Sphere

M.Cerdonio et. al., Phys. Rev. Let. 87,
031101 (2001)

) = Dual Torus

M.Bonaldi et. al., Phys Rev. D62,
102004 (2003)

Measurement
area Sy
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Quantum Limited sensitivity curve (dual torus)
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Broad band lever amplification

H.J. Paik et al, Proc. Of the first Amaldi Meeting, edited by E. Coccia et al, World scientific Singapore, p201 (1995)

Auriga design:

Hinges Mirror

Mechanical amplification=Y/X=1/a>>1
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Prototype under test: Amplification
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Prototype test:assembling procedure

Harmonic oscillator

OSCILLATOR

LASER BEAM

MIRRORS
Amplifier
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Prototype thermal noise estimation
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The amplifier thermal noise contribution is negligable
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Prototype thermal noise measurement set-up

Room Temperature Thermal Noises Measurement:
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A possible implementation in Dual-Torus

Dual
Cylinder

Mechanical leverage
Amplifier

Optical cavity
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Dual Torus Therm. and BA noise reduction: Wide area sensing

Signal=mean displacement over the readout area=Green surf.+Yellow surf.

GW sensitive (quadrupolar) mode:

Unperturbed torus

Mode Shape
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Dual Torus Therm. and BA noise reduction: Selective readout
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Example of Thermal and BA noise reduction using selective readout
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Conclusions

*Well designed impedance matching lines between the
main resonator and the amplifier has been used to widen
the useful band of the Auriga detector more than one order
of magnitude

» Broad band detectors should be obtained using lever
transducers. In particular the proposed detector “dual”
promises a sensitivity of the order of 10-2* Hz''? in the
frequency range between 1kHz to 5 kHz.
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