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» Parametric transducers, such as superconducting
can boost the bandwidth and

RF cavities,

sensitivity of the next generation resonant
antennas, thanks to a readily available
technology.

» We have developed a fully coupled dynamical
model of the system "antenna-transducer" and
worked out some estimates of signal-to-noise
ratio and the stability conditions in various

experimental configurations.

» We also show the design and the prototype of an
together with a suitable
feedback electronic, will be used as a test bench
for the parametric transducer.

RF cavity which,

splitter
V1
o my
r

Detector conceptual layout

veoin

Master

Error signal

Oscillator

RF out

phase shifter ¢

RFin

—

RF out

mixer

RF amplifier LF amplifier

Detection and
acquisition
system

INFN Genova

Single mechanical

oscillator - antenna)

E.M. mode in the T
ca

The cawvity is sensitive
to the relative displacement
of the secondary resonator

with respect to the antenna

Equations of Motion

mode of the

antenna .1 1(m, . 1
K +— X + 0¥ ——| —20 +Mwis+=CH* + f,
2 m\ 7, 2 . Dynamical back-

reaction of the field
radiation pressure on the
masses

Relative
displacement
(secondary

5‘+i8+w§6+xl+i(CH A fz)=

73 m,

H+1H +ofH(1+Co)-} T,

=0

Coupling among
the viscous
dampings

Master oscillator pump (locked

through the feedback equations

to the cavity’s instantaneous
frequency)

Frequency
modulation
induced by the
wall displacement

Master oscillator
instantaneous
frequency

RF amplifier and
mixer gain

Error signal (low
freq.). Contains
the information
on the GW
wave.

EM.
coupling:
Pais/Pin =B

Cavity
instantaneous
frequency

The cavity is designed to
have a very high
frequency sensitivity to
the wall displacement.
Typically ~ 1014 Hz/m

The cavity act as a low-pass filter with
respect to the modulating frequency
Q(GW wave):
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soscillates at the

same frequency of the
driving force f;:
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Expected performance

The RF superconducting cavity Work in progress
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. . ‘h - 1.9e‘-023@ 9‘30'6HZ -‘BandW‘ =202 I"‘Z . . The RF power is coupled @ Our present efforts are aimed to prove the performances of the cavity
through the choke, so that and the feedback electronics.
Sensitivity curve for a single quadrupolar mot the effects of the coupling
of a bulk sphere, 3.3x10°kg @ T = 10 mK, on the frequency and the B We are now building an experimental setup to test a Niobium cavity in
equipped with a resonant mechanical Se"s““’ed spot  can  be a temperature range 1 to 4 K, and a room temperature test-bench for
10 oscillator of 7.5 kg ] minimized. studying the impact of gap and the reference plane.
Free rul aster oscillator @ Since there are a number of possible implementations, we will study
phase noi: 110 dBc @ 1 KHz which electronic readout will prove most effective. The conceptual
diagram of i more  sophisti is shown
since the cavity is | hereunder:
open, the chokes' The transducer oscilating )
shape and dimension  mass wil be made of
are  studied  to  Niobum and must be
0-22 minimize the radiated  precisely machined and
1 field, thereby  positoned to  guarantee
preserving the em. flatness and parallelism. The
quality factor Q. plate is not in contact with )]
the cavi
Low Freq v ’
amplifier noise
contribution
The cavity is made of bulk Niobium and is designed to operate at ~ 5 GHz. The theoretical
maximum e.m. quality factor @ T = 1K, is Q, ~ 10°. With a reasonable safe value of Q, ~ 107
107 ~10° and an input power of 1 W, the electric field strength in the gap can be as high as
RF amplifier noise Quadrupolar mode thermal 4x107 Volts/m.
temperature: 2K ~8 ! \ nOise Quecn = 107
i |
I I I I i i I I I I =
Top view of the superconducting, bulk
890 900 910 920 930 940 950 960 970 980 niobium cavity, realized by our group. In
Frequency [Hz] this picture, the reference surface has IEEp
been removed to expose the cavity
i - i i sensitive spot.
g/lasslve, ultra- cryt_)glenclic slphencal Antenna mech freq. 935 Hz P
ctector, as a possible development |2t he sensitve spot s a cicular suface, 1 mm @,
of the existing resonant antennas.
g reson: P freq. 935 Hz which is only 15 um away from the transducer u Once the detection electronics is under control, the system can be
The RF power in the oscillating mass (gap distance). "
o mounted with the transducer on a small antenna, on which we will test
cavity is as low as 1 uW. The table dv/ox 10'¢ Hz/m the -antenna ir and ion.
shOW§ other_ releva_\nt parameters Cavity O, The RF antenna
used in this simulation. (£240s 0 108 enters the ity u Testing and characterization of optimal electronic components will
L through the choke continue to ensure reliability and to study possible redundant solutions
to failure in critical components (e.g. RF amplifiers, see poster #53:
h = 4.40-022@ 925.6Hz - BandW =39.4 Hz “Gain and noise analysis of HEMT amplifiers from room temperature to
The surface shown here has not been superfluid He”).
19
107F ransducer themmal ] chemically etched yet.
Sensitivity curve for a resonant bar similar to ransducer fs'xmms noise
- i i i mech =
PALALUS. T= 0'1hK' ?qul'ppel‘lj Gt ?f':gle An aluminum prototype ready for
ERRREEmechanical oscilator of 1 kg testing. Note the clamps that keep
- the cauvity tight onto the reference
\ Low Freq. Antenna thermal noise plane and the RF connectors that
amplifier noise Quecn = 5%10° @am deivers the power and extact the
. contribution . signals. In this configuration we can
10'20, i RF amplifier test the cavity both in reflected
noise power  (one-port  configuration)
temperature: and in transmitted power (two-
2K-8h@5 ports configuration). :
Ghz Conclusion
» The parametric conversion shifts the detection
” s problem to a very high frequency range, where many
107+ “ /\ ' noise sources can be made negligible.
os
_ » The implementation of high frequency electronics has
F& / \\ Eap ¢+ = 54\ ! i * the advantage of a reliable and well developed
ree running i . I . N
master oscillator M L technology, which exhibits near-SQL behaviour in
phase noise: S, = S e i available commercial components.
/110 dBC @ 1KHz 2 Pt
107 E, | | | | | I I 3 i » Although we understand that the fundamental,
840 860 880 900 grze%uengé?Hz] 960 980 1000 1020 ’ physical limits of a parametric transducer are
@ ou w w ; P P comparable with those of an ordinary capacitive
fequency (o) 5
antenna mech freq. — NAUTILUS-like bar performance transducer, the parametric one can have
. 4 g it and phase of the power through a room temperature Nb cavity. technological advantages over a SQUID-based
T R estimate in operating conditions. The base frequency is higher than the design value due to the particular experimental
freq 937 Hz The RF power dissipated in the setup, which presses the back-plate towards the cavity to ensure optimal electical readout.
- cavity is as low as 0.3 uW. The contact. This alters the gap distance, which does not comply to the nominal value
dv/ox 3x10'% Hz/m parameters used here are very anymore. » Works in progress to optimize the feedback control
= This experimental setup is used initially only to fully characterize the RF power couplings 1 11 as the impl tati ith th "
Cavity Q, o reasonable, as they correspond to and the RF property of the choke and the cavity. The second step, will involve a oop as well as the implementation wi € antenna.
(= Q@) measured, available equipment. variable distance back-plate, which will be tuned at cryogenic temperatures.




