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The main point (1/3)

Modern “ether-drift” expts. measure the
frequency shift of two optical resonators.

Since a few years, they find the same typical
magnitude for the fluctuations of the

velocity of light (less sensitive to spurious
effects) -2
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FIG.4. A 2.5 h time interval of the beat frequency exhibiting a
particularly constant drift (39 mHz/s), which was removed
before plotting. One frequency reading per second is displayed.
The apparatus is rotating.
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The main point (2/3)

The two most precise experiments (Nagel et al. Nature Comm. 6 (2015) 8174 and
Chen et al PRD 93 (2016) 022003) find the same fractional spread for an
integration time of 1 second :
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Very different systematics ( VS.
)-> unlikely just spurious instrumental noise > Physical interpretation?




The main point (3/3)

About 10 years ago (M. C. and L. Pappalardo, Gen. Rel. Grav.42(2010)
2585), by extrapolating from the classical Michelson-Morley experiments,
we were indeed (for an apparatus placed on the earth surface)

with the same typical size
presently observed

Our most recent numerical simulations give (TH) to
be compared with (EXP)

An independent check with a modern Michelson interferometer would
require

For instance, RMS stability and effective path

(or and




Summary

Unsolved problem: CMB Kinematic Dipole = a fundamental preferred
reference frame?

Standard answer: try to observe an ‘“ether drift”’, i.e. to correlate
measurements of the velocity of light in laboratory and direct CMB
observations with satellites in space

Before attempting this comparison, two remarks are in order:

. Ether drift should be unobservable if the velocity of light in the
interferometers is the same parameter “ ” of Lorentz transformations

. Ether drift might be a non-deterministic phenomenon (analogy
with local properties of the fluid motion in turbulent flows)

From ( ) 2> which
are only correlated INDIRECTLY with the earth cosmic motion

Classical experiments (1887-1930) : correlations with CMB? YES
Present experiments with optical resonators : correlations with CMB ? YES

Traditional criteria for preferred frame OK —> Substantial implications
Could VIRGO provide a check?




Cosmic Microwave Background
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After the original Penzias and Wilson
discovery (1965), precise measurements
have confirmed the black-body form of the
Cosmic Microwave Background (CMB)

Today the temperature is 2.725 K and the
maximum is at about 2 millimeters (in the
microwave region)




Soon after its discovery it was realized that the CMB
should exhibit a small anisotropy as a consequence of
the earth motion

VoLuMme 18, NUMBER 14 PHYSICAL REVIEW LETTERS 3 Armin 1967

ISOTROPY AND HOMOGENEITY OF THE UNIVERSE FROM MEASUREMENTS
OF THE COSMIC MICROWAVE BACKGROUND*

R. B. Partridge and David T. Wilkinson?t
Palmer Phyzical Laboratory, Princeton, New Jersey
(Received 2 March 1967)

A Dicke radiometer (3.2-om wavelength) was used to make daily scans near the celes—
tigl equator to look for possible anisotropy in the cosmic blackbody radiation. After
ghout one year of intermittent operation we find no 24-h asymmetry with an amplitude
greater than 40,1% (of 9°K). There is, however, a possibly significant 12-h anisotropy
with an amplitude of about 0.2%,
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Theory for the Measurement of the Earth’s Velocity through
the 3°K Cosmic Radiation®

C. V. Heee anp B, HL Kolr
Departmeent of Plysics, Oldo Stote University, Columbus, Okio 43210
(Received 10 June 196G8)

The intensity of radistion for an obesrver moving through thermal radiation is described by an anisot-
ropic temperature T =T (148 coat)™ or (bd/c)didelexple/RT () — 177, where g=1/¢c, Temperature-
measuring antennas measure I(F). Intensity measurements give an anisotropy between radiation along
w0 and § of @ cosf for (ke/ET)<1 (the same as the temperature anisotropy), and (/8T8 cosd for e/
ET)1, Examples of moving detectors and surfaces in the laboratory and in space are discuzsed,




The CMB Kinematic Dipole

For an observer in motion, a black-body spectrum of temperature
deformed by the Doppler effect ( )

To first order in there 1s an angular variation

It changes from a ‘“hot pole” ( ) toa “cold pole” ( ) and, for
this reason, it is called “dipole” anisotropy

For = , measurements by COBE, WMAP, PLANCK have
precisely determined the average kinematical parameters of the earth motion

These parameters correspond to an overall variation




THE CMB DIPOLE:

THE MOST RECENT MEASUREMENT
AND SOME HISTORY

(Charles H. Lineweaver
[Universite Louis Pasteur
Observatoire Astronomigue de Strashourg
1 rue de Ulniversiie, 67000 Strasbourg, France
charley@cdsehf. u-strashy. fr

Table 1: CMB Dipole Measurements
Reference Amplitude Longitude® Latitude®
Djmk) + fdeg) Za bdeg)  Fo
Penzias & W ilson| 1065] < 270
Partridge & Wilkinson [ 1967) 0.3 2.2
Wilkinson & Partridge| 1969) 1.1 1.6
Conklin]1962) 1.6 0.8
Boughn et al. {1971} T 11.6
Henry{1571) 3.3 0.7
Conklin{1972) = 228 0.492
Corev & Wilkinson| 1976) 2.4 0.6
Muehler{ 1976) 2.0 1.8
Smoot et al. (1977) 15 0.6
Corey{1978) 3.0 0.7
Glorenstein{ 1578) 3.60 0.5
Cheng et al. (1973) 2.99 0.34
Smoot & Lubin{157%) 34 0.4
Fabbri et al. [19580) 2.5 095
Boughn et al, {1981} 3.78 0,30
Cheng| 1933) 38 0.3
Fixsen et al. (1983) .18 017
Lubin [1953) 3.4 0.2
Strukov et al. [1984) 2.4 0.5
Lubin et al. (1955} .44
Caottingham| 1987 3.52 0.0
Strukov et al. (198T) 316
Halpern et al. {1588 34
Mever et al. (1991)
Smoot et al. {1991) 3.3
Smoot et al. (1992) 3.36
Ganga et al. [1993)
Fogut et al. {1%93) 3.365
Fixsen et al. [1994) 3347
Blenmett et al. (1994) 3.363
Bennett et al, (1995) 3.353
Fixsen et al. [1996) 3472
Lineweaver et al. {15046) 3.388
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Measurements with U2 airplanes
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Measurements of the CMB
temperature taken on board of a
U2 airplane at 20 km of
altitude, by Smoot, Gorenstein
and Muller, Phys. Rev. Lett. 39

ANGLE BETWEEN INSTRUMENT DIRECTION AND SITE ( 1 977) 8 9 8 .
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The Cosmic Background Radiation
and the New Aether Drift

Sensitive instruments have found slight departures from uniformity
in the radiaton left by the primordial “big bang.”’ The experiment

reveals the earth’s motion with respect to the universe as a whole

curicus radiation that bathes the
earth almecst uniformly from ev-

ery direction has turned out to be

@ unigue source of information about
the nature and history of the universs,
The faint radiation was identified 13
years ago during a search for noise
sources capable of interfering with sat-
ellite communications systems. The
“noize” proved 1o be of cosmic origin
and soon became known as the three-
degree sosmic bluck-body rodistion be-
cause it hes the spectral characteristics
of a black body. or perfect emitter of
radmtion. whose temperature 15 &bout
three degrees Kelvin (three degrees Cel-
s shove absolule ero), Most astro-
physicists now believe this microwave
radiation was cmitied shertly after the
“big bang.” the cataclysmic explosion in
which the universe was created some 15

by Richard A. Muller

billion yesars ago. Mot only is it the most
ancient signal ever detected: it isalso the
most distant, coming from well beyond
the quasars, the mosl remobe luminous
sources known. The three.degres radia-
tion is & background in front of which
all astrophysical objects lie,

The obscrvation of the ¢osmic back-
ground radiation is the closest we have
come toa direct study of the primordial
explosion itsell. The very existence of
the radiation is the strongest evidence in
favor of the big-bang theory. The isot-
ropy of the radiation, that is, the uni-
Tormity of fhe radiation from different
directions in space, tells us that the big
bang. although it wasunimaginably vio-
lent. alps went quite smoothly, The
slight departure from isotropy thai has
recently been discovered indicates that
our galaxy is hurtling through the uni-

INSTRUMENT PLATFORM in the new sefher-Erift experiment wis a U2 alreraft operated
by ihe Matianal Asronawtics and Space Adminiciration. Like ihe original aeih sr-dridi experi-
Tt performed nearly & contury sgo by A. A Michelson and E. W, Morky, the Bew o3 prrk
ment was designed to measure the carth’s motion with respect to & universal frame of refer-
e, in this case the cosmic background radiatien That radiation, which is cquivalent to the
radiation enitied by 2 back body (2 perfect radiator) whil a temperaiure of about three degrees
Kalvin (three degress Celsiug above absolute zeral, B radiation 1eft over from the Gireball in
which universe was ereated 15 billion years ago. U-1 has made 10 Sights carrying an ulirasen-
sitive microwave receiver designed by fhe avthor, George F. Smoot and Marc V. Gorenstein.
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verge with the surprisingly high velocity
of 600 kilometers per second. It is this
cosmaological wvelocily that has been
called “the new acther deift.” in refer-
ence to the “aether drift that A, A, Mi-
chelaon and E. W, Morley sought unsuc-
cessiully to discover nearly a century
age by measuring the velocity of light
owver paths rotated @t different angles
with respect to the carth's motion in
space. The three-degree cosmic back-
ground radiation provides an all-perva-
sive radiation “aether” for performing
an analogous experimant.

The cosmic background radiation was
discovered in 1965 by Arne A Penzias
and Robert W, Wikon of Bell Laborato-
riess s significance was immediately
recognized by Robert H. Dicke and his
group at Frinceton University. Since
then much has been learned about the
apectrum of the radlation. It inensiny
haz now been studied at wavelengths
ranging from 30 centimeters down o
half o mallimeter, confirming the initial
conjecturs that its speciral curve con-
forms to that of a black body at a tem-
perature of three degrees K.

Dm of the most imporiant observa-
tions reporied by Penzias and Wil-
son wai the constancy of the kempera-
ture of e radiation feom d iferent &
reclions in space. Their measurements
indicated that the Emperaire varies by
less than 10 peréent in any direction.
Subsequent experiments set even lower
limits on the departure from isctropy.
Two independent proups have recent-
ly carried out measurements sensitive
enough lo show, however, that the tem-
perature of the radiation ks not precisely
the same in all directions. One sel of
e[pﬂiml:nls; WL pl:rl'urmetl @l Primce-
ton by David T, Wilkinson and Brian E.
Corey. the other set at the Lavrence
Berkeley Laboratory of the University
of Califomia by a group that includ-
ed George F. Smoct, Marc V. Goren-
stein and me. It is now known that the
wmperature of the three-degres back-




CMB dipole: = Fundamental Reference Frame?

The CMB dipole can be reconstructed (to good approximation) by combining
the following forms of

1) Earth revolution around the Sun

2) Rotation of the Solar System around the galactic center

3) Motion of the Milky Way toward the center of the Local Group

4) Motion of the Local Group of galaxies toward the Great Attractor

(average matter distribution in the Universe)

CMB dipole could just INDICATE the existence of such global frame of rest (a
new representation of the ether) but the cosmic radiation itself would NOT

COINCIDE with this form of ether

As 1n the old Lorentzian formulation, Lorentz transformations could still
remain exact to connect two observers in relative, uniform translational motion
but NEW PERSPECTIVE (e.g. the Non-Local aspects of the quantum theory)




VOLUME 68, NUMBER 20 PHYSICAL REVIEW LETTERS 18 MAY 1992

Quantum Mechanics, Local Realistic Theories, and Lorentz-Invariant Realistic Theories

Lucien Hardy
Department of Mathematical Sciences, University of Durham, Durham DHI 3LE, England
(Received 22 January 1992)
First, we demonstrate Bell's theorem, without using inequalities, for an experiment with two particles.
Then we show that, if we assume realism and we assume that the “‘elements of reality™ corresponding to

Lorentz-invariant observables are themselves Lorentz invariant, we can derive a contradiction with quan-
tum mechanics.

PACS numbers: 03.65.Bz

“Non-locality implies that, at the level of hidden variables, there is faster than
light transfer of information. This could lead to the possibility of sending
information backward in time giving rise to well known causal paradoxes.

However,

However, other than the
fact that a realistic interpretation of quantum mechanics requires a special frame
of reference and the cosmic background radiation provides us with one, there is
no readily apparent reason why the two should be linked.”




Questions: does the CMB Dipole indicate a fundamental
preferred frame? And how to decide about this basic issue?

Traditional answer: look at the “ether-drift” experiments

Namely, the possibility to

with satellites in space

Such correlations would represent the “smoking gun™ for the
long sought fundamental reference frame




Ether-drift experiments: the standard presentation
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improvement over the original
“classical” measurements

Traditional view: vanishingly small
effects and no correlation with
cosmic earth motion
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However: not only technological
progress. In classical experiments
light was propagating in gaseous

1 media (air or helium at atmospheric
10 y = o5 L 0 0 2 203
1880 1900 19220 1 .M?raa‘: 960 1980 2000 2020 pressure)

Instead, modern experiments are
performed in vacuum or solid
dielectrics. Is this important?




‘v’ 18 the speed of light, isn't it7T

Gecrge FLR. Ellis*
Depariment of Mathemaiics and Applied Mathematios,
Urriversity of Cape Toun,
Aondshosch TV, Capetoum, South Africa

Jean-Philippe Uzan!
Institut d Astrophysique de Pars, GRe OO0, FRE 2{35-CNRS, 98 bouwlevard Amge, 75004 Parls, Fronce
Labomioire de Physique Théorigue, CNRS-UMRE 5627,
Uriversitd Parie Sud, Bdtimend 200, F-90405 Oreoy cédez, Fronce
[Dratad: Corober 24, 2018)

Let us assume that ether drift should become unobservable if the (two-way)

velocity of light in the various interferometers coincides with the basic
parameter “ ” entering Lorentz transformations -> exact isotropic

propagation in this limit
However, if , nothing would forbid a small angular difference

—> Fringe shifts in Michelson’s interferometers. Which size?




The two-way velocity of light

By assuming : 1) the existence of a fundamental preferred frame
i1) the validity of Lorentz transformations

any anisotropy in a moving frame should vanish when when
the velocity of light  is the same parameter “ ” entering Lorentz transformations. For
a “refractive index” one can expand around and in powers of

Therefore , from the symmetry properties of the two-way velocity under replacements

and , one gets the leading general structure

where are Legendre polynomials and arbitrary coefficients. This
gives a first estimate

(compare with
Viable strategy: fitting the data with the first few as free parameters.
However, one can further sharpen the predictions
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The modern version of Maxwell’s classical calculation

By using Lorentz transformations one finds the following simple expression for
the two-way velocity of light (in the Earth frame)

This is just a particular case of the general structure deduced before

It can be taken as a




Traditionally, ether drift has been assumed to be a purely
deterministic phenomenon—> smooth and regular modulations
associated with the Earth rotation (and its orbital revolution)

Thus, for short-time observations (say 1-2 days), only the Earth
rotation should be important

Standard Fourier analysis with just two frequencies: and

Instead the data, of both classical and modern experiments, have
always shown a highly irregular nature—> Instantaneous signal of
given magnitude has much smaller statistical average

This has always represented a strong argument to interpret the
data as mere instrumental artifacts

However...




Turbulent flow in a wind tunnel Frequency shift measured by Chen

(ONERA, from U. Fritsch, Turbulence, et al. Phys. Rev. D93(2016)022003
Cambridge University Press, 19995).

Thisis a So far,

Wiy a probabilistic description of turbulence?
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Power spectrum of the longitudinal Power spectrum of the frequency

component of the wind measured at the shift measured by Nagel et al. Nature
Florence Airport, from S. Rizzo and A. Comm. 6 (2015) 8174

Rapisarda, arXiv: [cond. mat./0406684 ]
Again this is a
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A pure deterministic picture of the signal is equivalent to a model of the
“ether” (1.e. the physical vacuum) as some kind of fluid in a state of laminar
motion where global and local velocity flows coincide

However, if the physical vacuum is similar to a turbulent fluid...and if

turbulence becomes isotropic at small scales...=> THEN a genuine signal
would exhibit a very irregular behavior

For instance vector observables, as the fringe shifts, would have vanishing
statistical average (for an infinite number of measurements). Yet, there
would be a genuine physical signal




The XIX century ether perspective

At the end of XIX century ( for Lord Kelvin , Fitzgerald, Hicks...) the ether was an
incompressible turbulent fluid, see e.g. E.T. Whittaker 1955

Maxwell’s equations were derived from classical hydrodynamics <= Lorentz
invariance as an emergent symmetry




The 1dea of a turbulent vacuum (1/2)

In quantum gravity the vacuum is believed to be a form of space-time foam
which resembles a turbulent fluid (originally J. A. Wheeler 1957)

In this picture, repeated measurements of a time interval or of a distance do not
produce the same results but fluctuate for fundamental reasons. The frequency
of an optical resonator depends on the mirror spacing. Simple models of the
fractional length change lead to flicker noise or random walk
noise (J. Ng, Mod. Phys. Lett. A18 (2003) 1073). Expts. can place
limits on and

More recently, by noticing that the shift vector of general relativity plays
the same role of a fluid velocity , the quantum fluctuations of the metric in
the holographic model could also be seen as a manifestation of Kolmogorov’s

scaling laws of velocity in fully developed turbulence (J. Ng and collaborators,
Class. Quant. Grav.25 (2008) 225012; Int.J.Mod.Phys.D19 (2010)2311




The 1dea of a turbulent vacuum (2/2)

At some deep level the vacuum might be a stochastic medium, similar to a
fluid in a turbulent regime—> As in the XIX century perspective, Lorentz
symmetry might be an emergent phenomenon

However, the idea of Lorentz symmetry from an underlying chaotic medium
1s not peculiar of quantum gravity but i1s also found in other classical and
quantum contexts, see e.g. O. V. Troshkin, Physica A168 (1990) 881; C. D.
Froggatt and H. B. Nielsen, The Origin of Symmetry, World Scientific 1991;
L. A. Saul, Phys. Lett. A314 (2003) 472; P. Jizba and H. Kleinert Phys. Rev.
D82 (2010) 085016...

The suggests that this aspect of the
vacuum might not be a pure speculative issue but also have
phenomenological implications = In our case,




Simplest argument: physical vacuum (ether) as a zero-viscosity

Informally, viscosity is the quantity that
describes the resistance of a fluid to the
motion through it of immersed objects

LECTURES ON

"PHYSICS

41-5 The limit of zero viscosity

We would like to point out thet none of the flows we have described are
anything like the potential fiow solulion we [ound in the preceding chapter. This
is, at first sight, quite surprising, After all, g is proportional to 1/5. So 5 going to

ZEro s equivalent to & going to infinily. And il we take the Hmit of large @ in

41-8

Eq. (41.23), we get 1id of the right-hand side and get fust the equations of the Jasi
chapter. Yet, you would find it hard to believe that the highly turbulent flow at
® = 107 was approaching the smooth Slow computed from the equations of “dry™
weter.  How can it be that as we approach @i = oo, the flow described by Eg.
(41.23) gives a completely different solution from the one we obtained taking
7 = 0 tostart out with? The answer is very interesting. ™ote that the right-hand
term of Eq. (41.33) has 1,/® times a second desfvatfve, It is a higher derivative than
any other derivative in the equation. What happens is that although the coefficient
1/® is small, there are very rapid veristions of @ in the space near the surface,
These rapid varations compensate for the small coefficient, and the product
dozy not go fo zero with increasing @, The solutions do oot approach the limiting
case a8 the cosfficient of ¥ goes to zero.

SUFPLEMENTO AL VOLUME VI, SERIE IX DEL NUOVD CIMEXTO %. 2, 149

XIII.
Statistical Hydrodynamics. ()

L. ONsAGER
New Haven, Conn.

It is of some interest to note that in principle, turbulent dissipation as
deseribed could take place just as readily without the final assistance by
viscosity. In the absence of viscosity, the standard proof of the conservation
of energy does not apply, because the velocity field docs not remain differen-
tiable! In fact it is possible to show that the wvelocity feld in such *“§deal”
turbulence eannot obey any LipscHiTz condition of the form

(26) |T(F + 71— TAF) | < (const.) r ,

for any order = greater than 1/3; otherwise the energy is conserved. Of
course, under the cireumstances, the ordinary formulation of the laws of mo-
tion in terms of differential equations becomes inadequate and must be replaced
by a more gencral deseription; for example, the formulation (15) in terms of
Fourler Beries will do. The detailed conservation of energy (17) does not

REVIEWS OF MODERMN PHYSICS, VOLLUME 78, JANUARY 2006

Onsager and the theory of hydrodynamic turbulence

Gregory L. Eyink
Dapartment of Applisd Mathematics and Statistice, The Johne Hopking Univeraity,
Baftimors, Manyland 21218, USA

Katapalli R. Sreenivasan

Intemational Center for Theorstical Physics, Tnests, Raly
and institute for Physical Science and Technology University of Manydand,
College Park, Mandand 20742, USA

{Published 17 January 200&)
flow. In this picture, the turbulent velocity helds in the
inviscid limit are continuous, nowhere differentiable
functions, similar to ideal Brownian paths. What is




but assumed to be random variable varying within
typical limits fixed by the Earth cosmic motion




Velocity field and light anisotropy

¢ 9

At any given time “ ” and at any direction , light anisotropy has the expression

where and describe the local velocity field in the relevant plane

Hence, by introducing the x-y velocity components

one finds




Stochastic velocity field

The x-y velocity components can be simulated in a stochastic model where turbulence
becomes i1sotropic and homogeneous at small scales. This is based on the simple picture
of the vacuum as a fluid with vanishing viscosity (or infinite Reynolds number).

In this case, one can use the , see e.g. L. Onsager N.
Cimento Suppl. 6 (1949) 279; Landau& Lifshitz, Fluid Mechanics; J. C. Fung et al., J.
Fluid Mech. 236 (1992) 281.

Frequencies are with period (in our case)

The coefficients and are random variables with zero mean
within the ranges and respectively. These boundaries
are determined by the global flow (Earth cosmic motion)

In a uniform probability model quadratic averages are

where fixes the power spectrum of the fluctuating components.




Statistically 1sotropic local velocity field

In this model statistical averages are

and

Therefore

scaling laws. By defining the boundaries are

and therefore




Analysis of a (standard) Michelson’s interferometer

n/< — Fringe shifts depend on the time difference
B5 (semireflecting - !

\”,“’_ N with

wave reflected
incident wave by M, +

wave I‘r:zﬁectau
b ]
’ so that

Observer

Figure 1: The typical scheme of Michelson’s interferometer.

But in a model of 1sotropic turbulence

With such stochastic form of drift, the traditional data taking of a vector average
of the fringe shifts (at the same angle and at the same sidereal time) has no sense.
The averages would vanish for an infinite number of measurements. But,
then, how to compare with the old experiments?

Simple answer: analyze the data in and




Amplitude-Phase analysis of the data

Figure 1: The typical scheme of Michelson’s interferometer.

: With Kolmogorov scaling , in the Lagrangian description
where the point of measurement is a wandering material point in the fluid.
Instead in the Eulerian description. Predictions would be larger by a factor




Comparison with the classical predictions

Figure 1: The typical scheme of Michelson’s interferometer.

alr atm. pressure and room temp
helium atm. pressure and room temp.

Typical fringe shifts are about 20 times smaller or 200 times smaller, respectively,
than the classical prediction for the much lower orbital value of 30 km/s !




1887: Michelson-Morley experiment

No. 203. Vo NOVEMBER, 1887.

Established by BENJAMIN SILLIMAN in 1818,
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Michelson and Morley— Relative Motion of the 841

displacement shonld be 2D3-=2Dx10-*. The distance D was

about eleven meters, or 2X107 wave-lengths of yellow light;
hence the displacement to be expected was 04 fringe. The
actual displacement was certainly less than the twentieth part
less than the fortieth part. DBut since the
ortional to the square of the velocity, the
e earth and the ether i8 probably less than
one sixth the earth's orbital velocity, and certainly less than
pne-fourth.
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“... the data published by Michelson and
Morley, instead of giving a null result,
show

W. M. Hicks, Phil. Mag.3 (1902) 9




1933 : Miller’s analysis

“The brief series of observations by
Michelson and Morley was sufficient
to clearly show that the effect had not
the expected magnitude. :
and this should be emphasized,
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O MICHELSON AND MORLEY 88T Tr MORLDY AND HILLER 1904
O MORLEY AND FULLER \o & MORLEY AND PILLER 1805

Fic. 4. Velocity of ether drift observed by Michelson
and Morley in 1887, and by Morley and Miller in 1902,
1904 and 1905, compared with the velocity obtained by
Miller in 1925.

D. C. Miller, Rev. Mod. Phys. 5(1933)
203




Hicks 1902

Second harmonic

Phil. Mag. 8. 6. Vol. 3. PL L.

July 11 noon

Wik b A

M.C. and E. Costanzo 2004




The velocity vectors for the
noon sessions of the MM
expt. (typical angular errors
+/- 12 degrees)

Substantial differences among
the various sessions




Strong fluctuations in Miller’s extensive
observations

The amplitudes are proportional to

. Their values at the highest
observable velocities (12-13 km/s) are
about 10 times bigger than the
amplitudes at the minima (4 km/s)

This aspect cannot be explained in a
smooth model of the drift where the
ratio depends on the relative size of
maximal and minimal daily projections
SIEREAL ToiE ~Houss of the Earth velocity and does not

R R I R R exceed a factor of 2

AUGUST 1. 1925 . .
Same features in Joos’ precise

measurements

This aspect could be understood in a
stochastic model of the drift




1930: Joos’ experiment 1n Jena

G. Joos, Ann. Phys. 7 (1930) 385; Naturwiss. 38 (1931) 784




Fig. 5. Lagerung der Optik beim Zeissschen Interferometer,




Joos’ data
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Fig. 8. Verschiebungen in einer iber 24 Stunden er-

streckten Serie beim Jenaer Versuch,

Motor-driven rotation system, data
collected during all 24 hours and
recorded by photo-camera.

The most accurate classical experiment

According to Swenson optical paths
were placed in a helium bath

There seems to be a small misalignment
(perhaps 17 or 22.5 degrees) between
Joos’s reference angles and the N, W,
S marks

Only second harmonic amplitudes (and
not the phases) can be extracted
unambiguously




2nd harmonic fit to Joos’ data
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Joos’s data are extremely precise, about +/-0.00035

—> Big difference between the lowest data (observations 20 and 21) and high
data (about 10c with observation 11 and 5c with observations 2, 6 and 13)

10 A 15
Picture

Figure 10: Joos' 2nd-harmonic amplitudes, in units 10~2. The vertical band between the two

lines corresponds to the range (1.4 +0.8) - 1073,

In a " smooth " model of the drift, the relative magnitude of high and low
data is deterministically given by the square of the projections of the earth
velocity. For the CMB and Jena the ratio 1s smaller than 2.
By changing the overall normalization one cannot reproduce both.

In a smooth picture of ether drift these data MUST BE instrumental artifacts




Comparison between Joos’

measurements and our

stochastic model of the drift

Various statistical tests

Excellent agreement with t|

he type of cosmic motion

indicated by the direct CMI

B observations




®--® Joos Daa
= Poly Fit

& --¥ Simulation
— Poly Fit

0
Picture

Joos’ amplitudes are compared with the result of a (for fixed
random sequence and fixed number of Fourier modes) with the stochastic
velocity field bound by CMB kinematical parameters. Important to get a
qualitative impression of the agreement with our model. The smooth curves,
as functions of the sidereal times, are fitted to good accuracy by the CMB
angular parameters
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L 2 Simulation

Picture

Joos’ amplitudes are compared with a

Errors take into account the variation of both the random sequence
and the number of Fourier modes (for fixed CMB motion)







Probability histogram for Joos’ figure 11

JOOS Sidereal Time for PICTURE 11

70% Confidence Level
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Probability histogram for Joos’ figure 20

JOOS Sidereal Time for PICTURE 20

median 70% Confidence Level
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Summary of the classical experiments

Table 4: The average 2nd-harmonic amplitudes observed in the classical ether-drift experi-
ments (as unambiguously atiainable from the original data) are compared with the theoretical
predictions in our stochastic model of the drift. These are evaluated by using the simple rela-
tion with the classical amplitude for 30 km/s, (A )sar = A5 (v/30 km/s)? - (en?/9), firing
the CMB value v = 369 km/s and gas refractivities € = 2.8 - 1074 and epelium = 3.3 - 1075,

Experiment gas Aglass AR (A o Pull
Michelson-Morley(1887)  air 0.200 (1.6 +0.6)-10° 03.107° 1.25
Miller(1925-1926) air 0.560 (4.4+22)-1072  2.6-1072  0.67
Tomaschek (1924) air 0.150 (1.04+0.6)-107%  7.0-107%  0.26
Nlingworth(1927) helium 0.035 (2.24+1.7)-10"* 1.9-107%  0.03
Piccard-Stahel(1928)  air 0.064 (284+15)-100*  3.0.-107%  0.02
Joos(1930) helium 0.375 (1.44+0.8)-107%  2.0.107%  0.56




No doubt: 1n our stochastic model, there are definite
correlations between the classical ether-drift experiments
and direct CMB observations

However, a skeptic would probably argue: “Correlations
with the CMB observations? Perhaps... but NOT genuine
preferred-frame effects. Instead, these are thermal effects”




New Analysis of the Interferometer Observations
of Dayton C. Miller

K. 8. Spmawkranp, 5. W. McCuskey, F. C. Leong, avp G, KUERTI
Case Institule of Technology, Cleveland, Okio

For nearly thirty vears the rezultz of the Michelson-Morley experiment obtained by Dayton C. Miller on
Mount Wilson have stood at varance with all other teials of this experiment. As interest in Miller's resules
has continued to the present time, and since the original data sheets are available to the present writers, it has
geemed appropriate that the ohservations be subjected to a new analysis. Tt iz now shown that the small
perigdic fringe displacements found by Miller are due in part to statistical fluctuations in the readings of the
fringe pesitions in a very difficult experiment. The remaining gystematic effects are ascribed to local tempera-
ture conditions. These were moch more troublesome at Mount Wilson than those encountered by experi-
menters elsewhere, including Miller himzelf in his work done at Case in Cleveland. As interpreted in the
present study, Miller's extensive Mount Wilson data contain no effect of the kind predicted by the aether
theory and, within the limitations imposed by local disturbances, are entirely consistent with a null result at
all epochs during a vear,

In what follows, we shall interpret the systematic effects

on this basis, but must admut that a direct and general
quantitative correlation between amplitude and phase
of the observed second harmonic on the one hand and
the thermal conditions in the observation hut on the
other hand could not be established. The reason for this

Frequency

temperature differences of the walls. Since periodic
temperature variations of only 0.001°C in the air of the
optical arms would produce fringe shifts as large as the

rage effects observed at Mount Wilson 'S a very

e ] 18 This re is in agreement with similar estimates made by
Fra, 1. The disteibution of F-values for 216 sets of Mount Wilson figu
data. The smooth theorelical curve s normalised $o that the area K. J. Kennedy, Proc. Natl. Acad. Sci. 12, 621 (1926); and by G.

under this curve is equal to the a.'ne.a of the histogram. l _]-'UCI'E, Ph}"‘E. Rf-'"r". "51 Il-q- {1934}.
Thus there can be little doubt that statistical fluctua-

tions alone cannot account for the periodic fringe shifts
observed by Miller, On the other hand, the presence of a

[] E]
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In the ideal-gas approximation, the variation of the refractivity €gee = Ngs — 1 with the
temperature has the very simple expression

(77)

Therefore, a small temperature difference AT(#) between the optical arms induces a light
anisotropy of tvpical magnitude

AF €ras | AT (H
2] N yual6) — Ngu(r/2 + 6)] ~ S22 210

. T (T5)

We can thus extract an experimental temperature difference from the Znd-harmonic ampli-
tudes A; in the fringe shifts




Table 3: The average Znd-harmonic amplitude observed in various classical ether-drift exper-

iments and the resuliing temperature difference obtained from Egs.(75) and [76).

Experiment o AP ATEXP (mK)
Michelson-Morley(1887)  ai (1.6 £ 0.6) - - 0.40 £0.15
Miller(1925-1926) (4.4 +2.2)- 0.39 + 0.20
Mingworth(1927) helinm (2.2+£1.7)- ' 0.20+0.22
Tomaschek (1924) air (1.OL£0.6) - 0.33£0.20
Piccard-Stahel(1928)  air (2.8 + 1.5) - 0.22 +0.12
Joos(1930) helium (1.4 + 0.8) - S-107 017 +£0.10

thermal effect)

Very weak interactions of the CMB photons with neutral matter =

Same phenomenology but different from a genuine preferred-frame effect
How to distinguish the two interpretations?
Answer: look at ether-drift experiments in vacuum

In vacuum such a small should be unobservable




The thermal interpretation has an important implication:

Assume that the effects seen in gases are really due to such
tiny non-local thermal gradient

one 1s naturally driven to conclude that  there 1s a
non-zero effect in vacuum, with very precise measurements,
effect should also show up 1n solid dielectrics

In a solid, in fact, a tiny of about 0.26 mK would
dissipate by thermal conduction without any particle flow
and no light anisotropy

In this way we will return to our starting point: the
unexplained agreement between Nagel et al. (sapphire
cryogenic) and Chen et al. (vacuum at room temperature)




Two most precise experiments and restrict to the short-
term stability

o
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Allan deviation of fractional beat frequency

10°
Integration time (s)

Nagel et al. Nature Comm. 6 (2015) 8174

(sapphire cavities at cryogenic temperature)

o (1s) = 8.5E-16
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Chen et al. Phys. Rev. D93 (2016) 022003 (vacuumn cavities af room temperature)

6(15)=0.24 Hz.  Note that

The very different systematics of the two experiments induce to give a physical
meaning to this measured instantaneous signal.

10 100 1000

Integration time 7 [s]

0.24 Hz / (2.818E+14 Hz) = 8.5E-16




A tiny vacuum refractivity?

The two experiments have completely different systematics. It is unlikely that
such remarkable agreement 1s just due to spurious instrumental noise

Instead, with a thermal interpretation of the ENHANCEMENT observed in
gases, it could indicate genuine fluctuations of the wvelocity of light IN
VACUUM.

In fact, from the relation

we would deduce that the velocity of light measured in vacuum (on the earth
surface) is NOT exactly the same parameter “c” of Lorentz transformations.For
an earth velocity , they could differ at the level




Peculiarity of a tiny vacuum refractivity

Observation: such small refractivity 1s at the limit of the best precision
measurements of the speed of light (before the “exactness” assumption)

Journal of Research of the National Bureau of Standards

The Continuity of the Meter:
The Redefinition of the Meter and the Speed

Of Visible Light
sured frequency of the transition. Since the mea-
Volume 92 Number 1 January-February 1987 "
e surement in 1972 there have been four speed of
D, A. Jennings, R, E, Drullinger,  The product of the freqm:ncy and Key words: _frequency; laser; meter; .
B e & R Pk fei”;f,ifhr';“n“"'.?ﬂwm: — light measurements [3-6]; two at a wavelength of

Accepted: 15, 1986
National Bureau of Standards !:]0 l“ﬁ:ﬁ'l‘: This "n‘:'lm of ¢, ‘h ed: September
Boulder, CO 80303 bl light agres i e velue defined

n the redefinition of the meter within

3.39 um and two at a wavelength of 9.31 um.These
measurements have been summarized [7], and the
average value for the speed of light is 299 792 458.1
m/s with a fractional uncertainty of +4x107°
(30r), which is the recognized uncertainty in the
realization of the meter from the krypton defini-
tion.

lh 3o error limits of the krypton
length standard.




Gravitational origin of such vacuum refractivity?

Found Phys (2008) 38: 409435
DOI 10.1007/s10701-008-9210-8

A Spatially-VSL Gravity Model with 1-PN Limit
of GRT

Jan Broekaert

3The notion of spatial-VSL is implicitly present in General Relativity Theory, occurring in the coordi-
nate space description of photon dynamics in a gravitational field, as illustrated by following excerpts
from the literature: Stephani [81], pp. 197198, “...interpreted as saying that the three-dimensional space
metric has a refractive index caused by the gravitational force ...and that the velocity of light v in the
gravitational field is decreased according ¢ = nv.” (where n = —g44_”2); Longair [54], p. 453, (17.62),
*“...the apparent variability of the speed of light in the radial direction according an observer at infin-
ity...in terms of coordinate time ¢ and the distance measure r is” c(r) = dr/di = (1 — QGMjrcz):
Kenyon [49], p. 95, (8.15) and next, “The tangential and radial coordinate velocities are obtained...™:

r—ig = c+/Z and %‘; = ¢Z “showing that as light approaches the origin its coordinate velocity falls.”

(here Z=1— ZG,l’Iaai‘,M-c:2 and ¢ is the angular variable of the orbital); Will [89], p. 144, (6.14), (6.15),
... post-Newtonian equations for the deviation xf, of the photon’s path from uniform, straight line mo-
tion” d2xp/dt? = (1 +y)[VU — 2n(n.VU)] and n.dx, /dt = —(1 + y)VU (where y = 1 in GRT and U
is minus the Newtonian potential.); Weinberg [88]. p. 222, (9.2.5), “.. . note that the photon speed is ...”
lu] = 1+ 2¢ + O(2°); Eddington [34], p. 93, (43.4), “At a distance r| from the origin the velocity of light
is accordingly™ (1 —m/2r)/(1 + m;’2r1}3: Moeller [62], pp. 239-240, (69), (69"), (70), “...we see that
the velocity of light w depends on the direction of propagation n’ of the signal if 3; # 0 in the system of
coordinates considered...” w(n') = c/—gaq/(y;n" + 1) (where y; = g;1/./—g4a): Einstein [43], p. 93,
(107), “...velocity of light L is..."” , defja‘f =1- ;{% [ o/rdVy: Eddington [35], p. 107 and Chap. VL.
*...[an] alternative way of viewing this effect on light. .. [the] velocity of light in the gravitational field
is not a constant. .. [however] if he performed Fizeau’s experiment the velocity of light would be exactly
the same as that of a terrestrial observer.... It is the coordinate velocity that is here referred to...” and
“for light .. .1in radial propagation” (.sz‘:»-,a'a'r]2 = y2 “...in transversal propagation” (rd@ jdr}?‘ =y (where
y =1—2m/r); Einstein [38]. p. 906, (3), c = co(1 + <ch:2] “The principle of constancy of the velocity of
light holds good according to this theory on a different form from that which usually underlies the ordinary
theory of relativity” (prior to establishing GRT in 1915 Einstein derived half the value of the coordinate
velocity of light; leading to half the deflection angle); Einstein [36], following (32)b, p. 461, *...[Eq 32
b], hier tritt aber an die Stelle von ¢ der Wert” ¢(1 + p& ;’cz) =c(l+ @ J/'cz) (where @ is the gravitational
potential, y is the acceleration—"beschleunigung”—and & the coordinate of translation in the accelerated
system.)



Looking for a physical interpretation, in the paper by Consoli and Pluchino,
EPJ Plus 133 (2018) 295, it is argued that such 107" instantaneous signal
could naturally be understood in terms of a tiny vacuum refractivity (M and R
being the earth mass and radius)

g,= (2GNM/cR) = 1.4 - 107

This would take into account the difference between the physical velocity of
light in vacuum c, and the parameter ¢ entering Lorentz transtormations. The
latter refers to the value measured 1n an ideal freely falling frame. However,
an apparatus placed on the earth surface 1s closer to the illustration i panel
(b). with M= earth mass, rather than to the 1dealized situation of panel (a).

Free fall Fres fall
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1
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Vacuum cavity
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1) in a spatially-VSL scheme, for an apparatus placed on the Earth surface, the
physical velocity of light in vacuum would differ from the basic parameter
“c” of Lorentz transformation by a tiny vacuum refractivity

2) This vacuum refractivity is not DIRECTLY measurable, being comparable
to the uncertainty of the best precision measurements performed in the past
before assuming standards of measure where “c” has no error

3) However, our analysis of the classical experiments suggests that, if there
were a preferred reference frame (with the same typical indicated
by the direct CMB observations), we should expect irregular fluctuations of
the velocity of light in vacuum at the fractional level

4) Together with a thermal interpretation of the enhancement observed in
gases, this would close the circle and provide a quantitative explanation of the
instantaneous signals observed by Chen et al. (in vacuum) and by Nagel et al.
(in sapphire)




Simulation of the instantaneous signal
M. C. and A. Pluchino, EPJ Plus 133 (2018) 295
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Simulation of the instantaneous signal
(units E-15)




Histograms of and at steps of 1 second (during one day)
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In our stochastic model:
1) correlations between CMB observations and classical expts.? YES

2) correlations between CMB observations and modern expts.? YES

The traditional requirements for establishing the existence of a

Fundamental Preferred Frame are fulfilled




Check with a modern Michelson interferometer

By extrapolating from the classical Michelson-Morley experiments, we
expect short-term fluctuations of the velocity of light of magnitude

An independent check with a modern Michelson interferometer would
require

For instance, RMS stability and effective path

(or and




Conclusions

In all ether-drift experiments , from Michelson-Morley to the most recent

experiments with optical resonators, there are small, irregular residuals
traditionally interpreted as mere instrumental artifacts ("null results").

However, the irregular form of light anisotropy observed in laboratory could
also indicate a subtle form of ether-drift, somewhat similar to a turbulent flow
where large-scale and small-scale aspects of the fluid motion are only related
indirectly.
By starting from this observation, in a new theoretical scheme,

(with light propagating in gases, vacuum and solid dielectrics)

with

satellites in space.
This opens the possibility of finally linking the CMB to a fundamental

preferred frame with substantial implications for the interpretation of non-
locality in the quantum theory.

The importance of the issue would deserve to exploit the
to reveal the same tiny fluctuations of the velocity of light observed
in laboratory.




