PADOVA – TRENTO PROPOSAL FOR ILIAS-NEXT
TITLE: Low noise actuator for the mirror control of the third generation GW interferometers
ACTIVITY

The role of the control system of an interferometric gravitational wave detector is to maintain the correct resonant condition of fields (lengths and alignments) inside the interferometer within a series of maximum residual RMS fluctuations of all the degrees of freedom around the operating point. The noise of the actuation system (coil-magnet or other) can not only compromise the control at very low frequencies but also represent an extra noise source in the detection bandwidth.
The control system of the third generation cryogenic interferometers (Einstein Telescope, ET) requires the development of new cryogenic techniques for the payload displacement readout and low noise force actuation. This experimental activity concerns the development of a low noise force actuation system in particular by means of the estimate of the extra noise in the detection bandwidth and the additional loss caused by the different force actuation systems.

The more direct way to check that the actuation system meets the severe requirements of ET is to insert it in a control system of a cryogenic mechanical resonator with a single degree of freedom and to demonstrate that it is able to operate without adding noise with respect to the intrinsic mechanical thermal noise of the resonator at 4 K.
This demonstration requires that the resonator displacement sensor is realized with the necessary sensitivity, that is, at thermal noise level. Because of our know-how the displacement readout will be probably based on a capacitive transducer with SQUID amplifier. The choice of the SQUID as front-end amplifier is due to the following reasons: it is a low-noise, low-dissipated-power device and represents a “transversal” topic already present in the JRA3 of the “old” ILIAS next proposal. Of course, this does not necessarily mean that the sensing of the cryogenic interferometers will be SQUID-based.
The cryogenic resonator with the control system will work at frequencies of the order of kHz. The mechanical suspension that permits the observation of the mechanical thermal noise of resonators operating in the kHz frequency range can be realized in compact form and at relatively low costs. 
The results from the kHz resonator with the help of additional tests performed at low frequency without mechanical devices (e.g. study of the 1/f magnetic noise of permanent magnets at low temperatures) can be extended, for the most part, at very low frequencies. 
Further indications will come from the resonator behaviour by changing the resonance frequency (but keeping it in the frequency range where the suspension works). 
The achievement of the noise requirements for the actuation system will be verified on a wide dynamic range of applied force.
The ideal control system of the cryogenic interferometer should be able to operate from room temperature to the operation temperature of a few Kelvin. The electrostatic actuator and the magnet-coil actuator represent then the ideal candidates and will be the first ones to be tested. Then superconducting actuators will be studied. For the reasons mentioned above, all these actuation methods will be studied by using the same SQUID-based readout.
The thermal noise of the mirror substrates will be one of the main limits to the sensitivity of the third generation GW interferometers. This is determined by the value of the loss angle of the resonant modes of the substrate that can be evaluated by means of mechanical quality factor measurements. To reduce the thermal noise high Q values are needed. As the actuation system may be responsible for excess damping, low temperature measurements will be performed in the INFN Legnaro Test Facility in order to quantify this effect for each actuation system. 
As another group (INFN – Firenze) will carry on research on the mechanisms of dissipation in mirror substrates (with and without coating), as far as possible, the measurements will be made on the same sample types.
In order to achieve a better understanding of the intrinsic dissipation mechanisms identified in other labs, Q measurements at ultracryogenic temperatures (T<1 K) could be realized in the INFN facilities available at the Padova-Legnaro and Trento labs.
TIMING OF THE TASK
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	Realization of the experimental apparatus and preliminary tests 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Tests for the selection of the actuator (in-band noise and dynamic range requirements)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Tests for the selection of the actuator (quality factor requirement)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Preliminary tests on different actuation methods
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


MILESTONES

Measurement of the thermal mechanical noise of a kHz resonator at 4K
Measurement of the noise contribution of the 3 actuation methods

Measurement of the excess damping due to the 3 actuation methods

DELIVERABLE
Selection of the actuation system for the mirror control of the third generation GW interferometers according to the quality factor, in-band noise and dynamic range requirements 

INVOLVED PEOPLE
Paolo Falferi - FBK-CNR
Jean-Pierre Zendri - INFN Pd
Luca Taffarello - INFN Pd
Renato Mezzena - University of Trento

Giovanni Andrea Prodi - University of Trento
1 researcher with temporary contract
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