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Vacuum Fluctuation Evidence: Casimir Force
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Since the birth of Quantum Mechanics a question rised:
Does the vacuum fluctuation weigh or not weigh?  (Pauli, Nerst..)

After 100 yr NOT EXPERIMENTAL ANSEWR YET!
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Vacuum Fluctuations Evidence: Casimir Force
Force exerted in the vaccum between two conductive reflective not charged  plates
 at suitable distances a

L

a

L2 plate area

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

Radiation Pressure outside > Radiation Pressure inside

PC=
1
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=−
π2hc
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Casimir Energy Ereg=Ereg (a )−Ereg
( ∞ )=−

π 2 L2hc
720a3

Casimir Pressure 

First prediction: Casimir 1948
First measure (force): Sparnay 1956 
Presently tested (force) with an accuracy of 0.5% (Mohideen: 2005)
(No problems in QFT in flat space-time)

Attractive force between the plates

= 1.3x10-7 N/cm2
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Weighing the Vacuum Fluctuations

Force along z:

Total force directed upward = Weigh of the modes removed from the cavity

{
F sup=−FC

F inf=FC (1+δφ )−
|EC|

c2 g}
difference of gravitational potential between the platesδφ=

g⋅a

c2

F⃗tot=
|EC|

c2
g ẑ

x
y

z

a

F
tot

Analogy with Archimedes Force

It can be interpreted as an Archimedes’ buoyancy force in vacuum
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The IDEA is to weigh a RIGID  Casimir Cavity when the plates reflectivity is modulated 

Reflectivity very low: no Casimir effect is expected (the modes are inside the cavity like outside).
Reflectivity very  high: Casimir force pushs up the Cavity

a
a

a
a

Weighing the Vacuum Fluctuations

r=0
r~1 r~1 r=0
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Experimental Problem: 
how to modulate the reflectivity

Modulation of the Temperature  T<Tc             T>Tc              REFLECTIVITY MODULATION   

Efficent way :  superconductor MATERIALS

USE MULTICAVITY: like for the multilayer optical reflectors, to use a cascade of  cavities
enhaces the reflectivity 
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Modulation of the Casimir Force:
Type II 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

State of the art in the knowledge of 
Casimir  energy in superconductors

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 II): strong support of Kempf hypothesis - 

 expected modulation in the regime of  
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Proposed measurement

 beam-balance   

Temperature Modulation screen:
Modulate  the force by modulating the 
temperature of  the superconductor so that 
it makes transitions bewteen 
normal and superconducting state  

Interferometric read-out 

Cryogenic chamber 

Needed Very high sensitiviy at low fequencies (<100 mHz)
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Expected signal and sensitivity

Sensitivity is for 1 months of integration time (106 s)

Limited by : thermal noise 
and seismic noise

Need a quiet 
site!



Quiet site: No seismic – No antropic noise

11

Seismic 
Measurements
By Virgo and 
ET collaborations

See Luca Naticchioni’s talk 

SOS-Enattos Mine,  
LULA (Nuoro)

Maybe low sheep-noise
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The Balance: first prototype realized in Napoli

 beam-balance   

Interferometric read-out 

A lot of work on the Joints 

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

expected signalexpected signal
PrototypePrototype
WashWash
Archimedes noseArchimedes nose



Archimedes' present status



Characteristic of the present balance  

 Read-out: Optical lever and quadrant photodiode – 
3 reflections

 Balance works on closed loop

 Elettrostatic Acutators

 Photodiode follows the beam (repositioning every 
1.5 hour) 

 Small force power/supply/Actuator to maintain low 
actuator noise

 Balance lying on a Plinth of about 6 m3 of concrete.



Present tilt sensitivity
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Present Torque Sensitivity

 
1)Nonetheless: 4*10-12 correspond to an integration time of 106 s  12 days  too long

Calibration
peak
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 Lower than 10-11 in the region of interest.

We are continuing in  trying to 
improve:
 
thermally threated joints, 
lower coupling with seism, 
suitable feed-back 
for lower resonance frequency



Seismic Noise on the Napol Plinth



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 



The interferometer is embedded in a 
monolithic steel structure

 Total arm length: 
1m

 Base dimensions: 
40 cm x 40 cm

 Total height :
~35 cm (~15 cm only the 

balance)
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ARCHIMEDES COLLABORATION

Luciano Errico
Saverio Avino
Martina De Laurentis
Gianluca Gagliardi Ettore Majorana

Paola Puppo
Piero Rapagnani
Fulvio Ricci 

Francesco Tafuri
Daniela Stornaiuolo
G. Piero Pepe
Andrea Basti
Naurang Saini
Silvano Petrarca
 

Design and realization of the cryogenic sytem
(vacuum chambers, thermal filters,thermal  actuators..)

Superconductors Materials 

Franco Frasconi
Paolo Ruggi

Optical read-out  

Electronic and Control Loops,
Environmental monitoring  

ENRICO CALLONI

Giampiero Esposito
Carlo Rovelli
Luigi Rosa
Cosimo Stornaiolo
Giuseppe BimonteMarco Grilli

Sergio Caprara

theoretical groups

experimental groups

Rosario De Rosa
Luciano Di Fiore 

Balance 
(balance-arm, balance suspensions) 

Superconductors
Casimir
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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 10-11 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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TodayToday

2222

::
  Does vacuum fluctuations gravitate or not? Does vacuum fluctuations gravitate or not? 
  Does vacuum pressure red-shift ?Does vacuum pressure red-shift ?

Stay on theStay on the
Main questionMain question  
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Our group versus superconductor/Casimir theory Our group versus superconductor/Casimir theory 

• 1) First to study Casimir Energy modulation in rigid cavities 1) First to study Casimir Energy modulation in rigid cavities 

• 2) First to study Casimir energy modulation via superconducting 2) First to study Casimir energy modulation via superconducting 
plates transitions – plates transitions – 

• 3) First to study & measure modulation with thin layer 3) First to study & measure modulation with thin layer 
supercondutors supercondutors 

• 4) First group to estimate with detail calculation Casimir energy 4) First group to estimate with detail calculation Casimir energy 
modulation in layered type II superconductors modulation in layered type II superconductors 

2323L. Rosa et al: Phys Rev D   submitted  (2017)L. Rosa et al: Phys Rev D   submitted  (2017)
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