Weighing the vacuum with
Archimedes Experiment

Universita degli diiNapolii “Federico I INEN Napoli

on behalf fo

&L SAPIENZA

UNIVERSITA DI ROMA

( Aix:-Marseille
..\ Universite

o _ INO-CNR
OINII VERSITA Decu STUDI b A &l o
NPOLIFEDERICOI f W ISTITUTO

1A, | NAZIONALE DI

~ OTTICA



Vacuum Fluctuation Evidence: Casimir Force

RIMENTAL ANSEWR YET!




Vacuum Fluctuations Evidence: Casimir Force

Inside the cavity: only resonant modes
Outside the cavity: all the other modes at all the frequencies
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Weighing the Vacuum Fluctuations

Force along z:
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Total force directed upward = Weigh of the modes removed from the cavity

sl Analogy with Archimedes Force

It can be interpreted as an Archimedes’ buoyancy force in vacuum
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Weighing the Vacuum Fluctuations

The IDEA is to weigh a RIGID Casimir Cavity when the plates reflectivity is modulated

Reflectivity very high: Casimir force pushs up the Cavit
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Experimental Problem:
how to modulate the reflectivity

. superconductor MATERIALS

he European Physical Journal Plus
2017, 132:478 | Cite as

Casimir energy for two and three

superconducting coupled cavities: Numerical
calculations
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Modulation of the Casimir Force:
Type |l superconductors

1) Use high-Tc LAYERED superconductors as NATURAL MULTICASIMIR CAVITIES
2) Profit of the fact that in normal state the plane (that will become superconducting) is
a very poor conductor > high variation of Casimir energy at the transition
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1) Approximate theory for high_Tc superconductor (plasma sheet no dissipation — zero temperature) —
Kempf hypothesis (based on order of magnitude estimation): the contribution to free energy is
comparable to condensation energy in particular layered superconductors like YBCO

2) Result from our analysis (Archimedes R&D in comm Il): strong support of Kempf hypothesis -

expected modulation in the regime of AUE = 10
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Force sengitivity and signal
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Sindaco Mario Calia (lista civica)

dall'11-6-2012
Territorio
Coordinate (g 40°28'N 9°29'E
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Abitanti 1 40701 (31.7.2016) g . P o . R Ty T
Densita 9,46 ab./km? - e 4 AL B Y Wi = _-:;-.q,_f-.T gt il -..,_E{--H“
Comuni Bitti, Dorgali, Galtelli, Irgoli, ' - o 2 O .

confinanti Loculi, Lode, Onani, Orune,
Siniscola

'\' +

i.
E
= |
e

o 1
Fracmsncy (H2]

11



The Balance: first prototype realized in Napoll

Within the studies of Archimedes prototype

( INFN commission V) we realized a prototype.
The design of the joints is very similar to
Tiltemeter of Washington group but with some
differencies to cope with lower momenta of
Inertia that are suitable for force measurements

torque amplitude speciral density (N-m /\Hz)
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Characteristic of the present balance

Read-out: Optical lever and quadFant."pWe —
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Elettrostatic Acutators

Photodiode follows the beam (reposmonlng every
1.5 hour)

Small force power/supply/Actuator to maintain. low
actuator noise -
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Present tilt sensitivi

Measured y (Date: 15 jan 2018 1:49:45 for 1200 sec)
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Present Torque Sensitivity

Torque Sensitivity (Date: 15 jan 2018 1:49:45 for 1200 sec)
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Seismic Noise on the Napol Plinth

——2017-09-17 00:00:00
——2017-08-17 04:00:00
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—2017-09-17 16:00:00
—2017-09-17 20:00:00
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Very next step

Complete redesign of the balance
Momentum of Inertia 5 times smaller

Steel supports of the whole balance

Steel support plate

Interferometric read-out

Steel support of the interferometer reference arm
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Conclusions

We propose an experiment to verify if the Vacuum Fluctuations gravitate
by weighing a rigid superonducting multilayer Casimir Cavity
when its reflectivty is modulated

We realized a prototype with a very good sensitivity
of 10"'! N/sqrt(Hz) @ 0.03 <f <0.1 Hzd

We expect to have the first results in the next 5-6 years

It will be the FIRST experiment hosted in the SAR-GRAV laboratory
in SOS Enattos, Sardinia

THANK YOU VERY MUCH!
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