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The The mainmain pointpoint (1/3)(1/3)
 ModernModern “ether“ether--drift”drift” exptsexpts.. measuremeasure thethe

frequencyfrequency shiftshift ofof twotwo opticaloptical resonatorsresonators..
 SinceSince aa fewfew yearsyears theythey findfind thethe samesame typicaltypical SinceSince aa fewfew years,years, theythey findfind thethe samesame typicaltypical

magnitudemagnitude forfor thethe shortshort--termterm fluctuationsfluctuations ofof thethe
velocityvelocity ofof lightlight (less(less sensitivesensitive toto spuriousspurious
effects)effects)  xy 15c

10effects)effects)  xy 1510
c



+/- 1 Hz for a laser for a laser frequency  frequency  ν= 2.82E+14 Hz 
 Δc/c ~  +/- 3E-15.

From From Chen et al. PRD 93 (2016) 022003Chen et al. PRD 93 (2016) 022003



The The mainmain pointpoint (2/3)(2/3)

 TheThe twotwo mostmost preciseprecise experimentsexperiments (Nagel(Nagel etet alal.. NatureNature CommComm.. 66 ((20152015)) 81748174 andand
ChenChen etet alal PRDPRD 9393 ((20162016)) 022003022003)) findfind exactlyexactly thethe samesame fractionalfractional spreadspread forfor anan
integrationintegration timetime ofof 11 secondsecond :: 16(1s) 8.5 10  

0 24H

 VeryVery differentdifferent systematicssystematics ((sapphiresapphire cavities,cavities, cryogeniccryogenic vsvs.. vacuumvacuum cavities,cavities, roomroom
t tt t )) lik llik l j tj t ii i t t li t t l ii Ph i lPh i l i t t ti ?i t t ti ?
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temperaturetemperature)) unlikelyunlikely justjust spuriousspurious instrumentalinstrumental noisenoisePhysicalPhysical interpretation?interpretation?



The main point The main point (3/3)(3/3)
 AboutAbout 1010 yearsyears agoago (M(M.. CC.. andand LL.. PappalardoPappalardo,, GenGen.. RelRel.. GravGrav..4242((20102010))

25852585),), byby extrapolatingextrapolating fromfrom thethe classicalclassical MichelsonMichelson--MorleyMorley experiments,experiments,
wewe werewere indeedindeed predictingpredicting (for(for anan apparatusapparatus placedplaced onon thethe earthearth surface)surface)p gp g (( pppp pp ))
irregular fluctuations of the velocity of light withwith thethe samesame typicaltypical sizesize
presentlypresently observedobserved xy xy15c c

10
c c

    
    

   

 OurOur mostmost recentrecent numericalnumerical simulationssimulations givegive σ (1s) = (9 +/- 1) E-16 (TH)(TH) toto
bebe comparedcompared withwith σ (1s) = 8.5 E-16 (EXP)(EXP)

TH EXP
c c   

 AnAn independentindependent checkcheck withwith aa modernmodern MichelsonMichelson interferometerinterferometer wouldwould
requirerequire

xy xy 15c L
10 

 

ForFor instance,instance, RMSRMS stabilitystability m andand effectiveeffective pathpath L ≈ 10 km

10
c L
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xyL 10 

(or(or m andand L ≈ 100 km …)  VIRGO ?
Motivations and substantial physical implications  Rest of the talk
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SummarySummary
1)1) UnsolvedUnsolved problemproblem:: CMBCMB KinematicKinematic DipoleDipole  aa fundamentalfundamental preferredpreferred

referencereference frame?frame?
2)2) StandardStandard answeranswer:: trytry toto observeobserve anan “ether“ether drift”drift” ii ee toto correlatecorrelate2)2) StandardStandard answeranswer:: trytry toto observeobserve anan etherether drift ,drift , ii..ee.. toto correlatecorrelate

measurementsmeasurements ofof thethe velocityvelocity ofof lightlight inin laboratorylaboratory andand directdirect CMBCMB
observationsobservations withwith satellitessatellites inin spacespace

3)3) BeforeBefore attemptingattempting thisthis comparisoncomparison twotwo remarksremarks areare inin orderorder::3)3) BeforeBefore attemptingattempting thisthis comparison,comparison, twotwo remarksremarks areare inin orderorder::
4) Remark 1.. EtherEther driftdrift shouldshould bebe unobservableunobservable ifif thethe velocityvelocity ofof lightlight inin thethe

interferometersinterferometers isis thethe samesame parameterparameter ““c”” ofof LorentzLorentz transformationstransformations
5) Remark 2.. EtherEther driftdrift mightmight bebe aa nonnon--deterministicdeterministic phenomenonphenomenon (analogy(analogy

withwith locallocal propertiesproperties ofof thethe fluidfluid motionmotion inin turbulentturbulent flows)flows)
6)6) FromFrom ((1 + 2)) Tiny, irregular fluctuations of the velocity of light whichwhich

areare onlyonly correlatedcorrelated INDIRECTLYINDIRECTLY withwith thethe earthearth cosmiccosmic motionmotion
7)7) ClassicalClassical experimentsexperiments ((18871887--19301930)) :: correlationscorrelations withwith CMB?CMB? YESYES
8)8) PresentPresent experimentsexperiments withwith opticaloptical resonatorsresonators :: correlationscorrelations withwith CMBCMB ?? YESYES8)8) PresentPresent experimentsexperiments withwith opticaloptical resonatorsresonators :: correlationscorrelations withwith CMBCMB ?? YESYES
9)9) TraditionalTraditional criteriacriteria forfor preferredpreferred frameframe OKOK SubstantialSubstantial implicationsimplications
10)10) CouldCould VIRGOVIRGO provideprovide aa check?check?



Cosmic Cosmic Microwave BackgroundMicrowave Background

 AfterAfter thethe originaloriginal PenziasPenzias andand WilsonWilsongg
discoverydiscovery ((19651965),), preciseprecise measurementsmeasurements
havehave confirmedconfirmed thethe blackblack--bodybody formform ofof thethe
CosmicCosmic MicrowaveMicrowave BackgroundBackground (CMB)(CMB)

 TodayToday thethe temperaturetemperature isis 22 725725 KK andand thethe TodayToday thethe temperaturetemperature isis 22..725725 KK andand thethe
maximummaximum isis atat aboutabout 22 millimetersmillimeters (in(in thethe
microwavemicrowave region)region)



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

the earth motionthe earth motion



The CMB The CMB Kinematic Dipole Kinematic Dipole 

 ForFor anan observerobserver inin motion,motion, aa blackblack--bodybody spectrumspectrum ofof temperaturetemperature isis
deformeddeformed byby thethe DopplerDoppler effecteffect ((β=v/c))

0T

 ToTo firstfirst orderorder inin (v/c) therethere isis anan angularangular variationvariation

2
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 ToTo firstfirst orderorder inin (v/c) therethere isis anan angularangular variationvariation

0 0T( , ) T( , ) T T cos         

 ItIt changeschanges fromfrom aa “hot“hot pole”pole” ((cosθ=1)) toto aa “cold“cold pole”pole” ((cosθ= -1 )) and,and, forfor
thisthis reason,reason, itit isis calledcalled ““dipole”dipole” anisotropyanisotropy
FF 2 725 K bb COBECOBE WMAPWMAP PLANCKPLANCK hhT ForFor == 2.725 K ,, measurementsmeasurements byby COBE,COBE, WMAP,WMAP, PLANCKPLANCK havehave
preciselyprecisely determineddetermined thethe averageaverage kinematicalkinematical parametersparameters ofof thethe earthearth motionmotion

 v=369 km/s Right Ascension = 168 degrees declination = -7 degrees

0T

 v 369 km/s Right Ascension 168 degrees declination 7 degrees
TheseThese parametersparameters correspondcorrespond toto anan overalloverall variationvariation

T( ) 3.36mK   







MeasurementsMeasurements withwith U2 U2 airplanesairplanespp

 MeasurementsMeasurements ofof thethe CMBCMB
temperaturetemperature takentaken onon boardboard ofof aatemperaturetemperature takentaken onon boardboard ofof aa
UU22 airplaneairplane atat 2020 kmkm ofof
altitude,altitude, byby Smoot,Smoot, GorensteinGorenstein
andand MullerMuller PhysPhys RevRev LettLett 3939andand Muller,Muller, PhysPhys.. RevRev.. LettLett.. 3939
((19771977)) 898898..





CMB dipole: CMB dipole:  Fundamental Reference Frame? Fundamental Reference Frame? pp

 TheThe CMBCMB dipoledipole cancan bebe reconstructedreconstructed (to(to goodgood approximation)approximation) byby combiningcombining
thethe followingfollowing formsforms ofof Peculiar Motion ::thethe followingfollowing formsforms ofof Peculiar Motion ::
11)) EarthEarth revolutionrevolution aroundaround thethe SunSun
22)) RotationRotation ofof thethe SolarSolar SystemSystem aroundaround thethe galacticgalactic centercenter)) yy gg
33)) MotionMotion ofof thethe MilkyMilky WayWay towardtoward thethe centercenter ofof thethe LocalLocal GroupGroup
44)) MotionMotion ofof thethe LocalLocal GroupGroup ofof galaxiesgalaxies towardtoward thethe GreatGreat AttractorAttractor

 Vanishing CMB dipole ↔ switching-off all Peculiar Motions
 Global Rest Frame (average(average mattermatter distributiondistribution inin thethe Universe)Universe)( g( g ))

 CMBCMB dipoledipole couldcould justjust INDICATEINDICATE thethe existenceexistence ofof suchsuch globalglobal frameframe ofof restrest (a(a
newnew representationrepresentation ofof thethe ether)ether) butbut thethe cosmiccosmic radiationradiation itselfitself wouldwould NOTNOT
COINCIDECOINCIDE withwith thisthis formform ofof etheretherCOINCIDECOINCIDE withwith thisthis formform ofof etherether

 AsAs inin thethe oldold LorentzianLorentzian formulation,formulation, LorentzLorentz transformationstransformations couldcould stillstill
remainremain exactexact toto connectconnect twotwo observersobservers inin relative,relative, uniformuniform translationaltranslational motionmotion
butbut NEWNEW PERSPECTIVEPERSPECTIVE (e(e..gg.. thethe NonNon--LocalLocal aspectsaspects ofof thethe quantumquantum theory)theory)



 ““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.g g p

 However, if there is a special frame of reference then such causal paradoxes
are blocked.
O ibl did t f thi i l f f f i th i One possible candidate for this special frame of reference is the one in
which the cosmic background radiation is isotropic. However,However, otherother thanthan thethe
factfact thatthat aa realisticrealistic interpretationinterpretation ofof quantumquantum mechanicsmechanics requiresrequires aa specialspecial frameframe
ofof referencereference andand thethe cosmiccosmic backgroundbackground radiationradiation providesprovides usus withwith one,one, therethere isis
nono readilyreadily apparentapparent reasonreason whywhy thethe twotwo shouldshould bebe linkedlinked..””



Importance of the “etherImportance of the “ether drift” e perimentsdrift” e perimentsImportance of the “etherImportance of the “ether--drift” experimentsdrift” experiments

 QuestionsQuestions:: doesdoes thethe CMBCMB DipoleDipole indicateindicate aa fundamentalfundamental QuestionsQuestions:: doesdoes thethe CMBCMB DipoleDipole indicateindicate aa fundamentalfundamental
preferredpreferred frame?frame? AndAnd howhow toto decidedecide aboutabout thisthis basicbasic issue?issue?

 TraditionalTraditional answeranswer:: looklook atat thethe “ether“ether--drift”drift” experimentsexperiments

 Namely,Namely, thethe possibilitypossibility toto correlate small differences
of the velocity of light measured in laboratory and direct

xyc
of the velocity of light measured in laboratory and direct
CMB observations withwith satellitessatellites inin spacespace

 SuchSuch correlationscorrelations wouldwould representrepresent thethe “smoking“smoking gun”gun” forfor thethe
longlong soughtsought fundamentalfundamental referencereference frameframegg gg



EtherEther--drift experiments: the standard presentationdrift experiments: the standard presentation

 Figure from : Nagel et al. Nature Comm. 6Figure from : Nagel et al. Nature Comm. 6 (2015) 8174 (2015) 8174 



 FirstFirst impressionimpression:: steadysteady substantialsubstantial FirstFirst impressionimpression:: steadysteady substantialsubstantial
improvementimprovement overover thethe originaloriginal
“classical”“classical” measurementsmeasurements

 TraditionalTraditional viewview:: vanishinglyvanishingly smallsmall
effectseffects andand nono correlationcorrelation withwith
cosmiccosmic earthearth motionmotion

HH ll h l i lh l i l HoweverHowever:: notnot onlyonly technologicaltechnological
progressprogress.. InIn classicalclassical experimentsexperiments
lightlight waswas propagatingpropagating inin gaseousgaseous
mediamedia (air(air oror heliumhelium atat atmosphericatmospheric
pressure)pressure)

 Instead,Instead, modernmodern experimentsexperiments areare
performedperformed inin vacuumvacuum oror solidsolid
di l idi l i II hihi i ?i ?dielectricsdielectrics.. IsIs thisthis important?important?



 LetLet usus assumeassume thatthat etherether driftdrift shouldshould becomebecome unobservableunobservable ifif thethe (two(two--way)way)
velocityvelocity ofof lightlight inin thethe variousvarious interferometersinterferometers coincidescoincides withwith thethe basicbasic
parameterparameter ““c”” enteringentering LorentzLorentz transformationstransformations  exactexact isotropicisotropic
propagationpropagation inin thisthis limitlimit

c

p p gp p g
 However,However, ifif ,, nothingnothing wouldwould forbidforbid aa smallsmall angularangular differencedifference

c c ( / 2 ) c ( ) 0     

c c 

  FringeFringe shiftsshifts inin Michelson’sMichelson’s interferometersinterferometers WhichWhich size?size?

c c ( / 2 ) c ( ) 0         

c 0   FringeFringe shiftsshifts inin Michelson sMichelson s interferometersinterferometers.. WhichWhich size?size?c 0 



The twoThe two--way velocity of lightway velocity of light

 ByBy assumingassuming :: ii)) thethe existenceexistence ofof aa fundamentalfundamental preferredpreferred frameframe
ii)ii) thethe validityvalidity ofof LorentzLorentz transformationstransformations


ii)ii) thethe validityvalidity ofof LorentzLorentz transformationstransformations

anyany anisotropyanisotropy inin aa movingmoving frameframe shouldshould vanishvanish either whenwhen or whenwhen
thethe velocityvelocity ofof lightlight isis thethe samesame parameterparameter ““c”” enteringentering LorentzLorentz transformationstransformations.. ForFor
aa “refractive“refractive index”index” oneone cancan expandexpand aroundaround andand inin powerspowers ofof

S ' v 0

N 1  
c

0  v / c aa refractiverefractive indexindex oneone cancan expandexpand aroundaround andand inin powerspowers ofof

h fh f ff hh ii ff hh l il i dd ll

N 1  0 v / c 

 2 2
1 2

cc ( ) 1 F ( ) F ( ) .. (...)
N
             

ThereforeTherefore ,, fromfrom thethe symmetrysymmetry propertiesproperties ofof thethe twotwo--wayway velocityvelocity underunder replacementsreplacements
β → - β andand θ → π+θ ,, oneone getsgets thethe leadingleading generalgeneral structurestructure

2cc ( ) 1 P (cos )
 

     

wherewhere areare LegendreLegendre polynomialspolynomials andand arbitraryarbitrary coefficientscoefficients.. ThisThis
givesgives aa firstfirst estimateestimate

2k 2k
k 0

c ( ) 1 P (cos )
N



      
 



2kP (cos ) 2k
class 2( c )  givesgives aa firstfirst estimateestimate

(compare(compare withwith ))
ViableViable strategystrategy:: fittingfitting thethe datadata withwith thethe firstfirst fewfew asas freefree parametersparameters..

2c  

2k

class 2( c )  

However,However, oneone cancan furtherfurther sharpensharpen thethe predictionspredictions



Light propagation in a (ideal) vacuum Light propagation in a (ideal) vacuum g p p g ( )g p p g ( )

CMB Earth



Light propagation in a “medium” withLight propagation in a “medium” with N=1+εLight propagation in a medium  with Light propagation in a medium  with N 1 ε

CMB Earth
0 0g 2       

           

g 2 v v      
        

N 1  



The modern version of Maxwell’s classical calculationThe modern version of Maxwell’s classical calculation
 ByBy usingusing LorentzLorentz transformationstransformations oneone findsfinds thethe followingfollowing simplesimple expressionexpression forfor

thethe twotwo--wayway velocityvelocity ofof lightlight (in(in thethe EarthEarth frame)frame)

2 2cc ( ) 1 (1 cos )
N         N 1  

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

4 2
andand for anyfor any

It can be taken as aIt can be taken as a modern version of Maxwell’s classical calculation

0
4
3

  2
2
3

  2k 0  k 1

It can be taken as a It can be taken as a modern version of  Maxwell’s classical calculation



Physical nature of a hypothetical etherPhysical nature of a hypothetical ether--driftdriftPhysical nature of a hypothetical etherPhysical nature of a hypothetical ether drift drift 

 Traditionally,Traditionally, etherether driftdrift hashas beenbeen assumedassumed toto bebe aa purelypurelyy,y, p yp y
deterministicdeterministic phenomenonphenomenon smoothsmooth andand regularregular modulationsmodulations
associatedassociated withwith thethe EarthEarth rotationrotation (and(and itsits orbitalorbital revolution)revolution)

 Thus,Thus, forfor shortshort--timetime observationsobservations (say(say 11--22 days),days), onlyonly thethe EarthEarth
rotationrotation shouldshould bebe importantimportant

 StandardStandard FourierFourier analysisanalysis withwith justjust twotwo frequenciesfrequencies:: andand
 InsteadInstead thethe data,data, ofof bothboth classicalclassical andand modernmodern experiments,experiments, havehave

ll hh hi hlhi hl i li l tt  I t tI t t i li l ff

2 

alwaysalways shownshown aa highlyhighly irregularirregular naturenature InstantaneousInstantaneous signalsignal ofof
givengiven magnitudemagnitude hashas muchmuch smallersmaller statisticalstatistical averageaverage

 ThisThis hashas alwaysalways representedrepresented aa strongstrong argumentargument toto interpretinterpret thethe ThisThis hashas alwaysalways representedrepresented aa strongstrong argumentargument toto interpretinterpret thethe
datadata asas meremere instrumentalinstrumental artifactsartifacts

 HoweverHowever HoweverHowever……



"" EtherEther--driftdrift "" experiments : noise or stochastic turbulence?experiments : noise or stochastic turbulence?EtherEther drift drift experiments : noise or stochastic turbulence?experiments : noise or stochastic turbulence?

 TurbulentTurbulent flowflow inin aa windwind tunneltunnel
(ONERA(ONERA ff UU F it hF it h T b lT b l

Frequency shift measured by Chen Frequency shift measured by Chen 
t l Ph R D93(2016)022003t l Ph R D93(2016)022003(ONERA,(ONERA, fromfrom UU.. Fritsch,Fritsch, Turbulence,Turbulence,

CambridgeCambridge UniversityUniversity Press,Press, 19951995))..
 ThisThis isis aa true signal not just noise

et al. Phys. Rev. D93(2016)022003 et al. Phys. Rev. D93(2016)022003 

So far,So far, interpreted as noiseg j So far, So far, interpreted as noise

Laser frequency Laser frequency 2.82E+14 2.82E+14 HzHz
+/+/--1 Hz  1 Hz   Δc/c ~ +/- 3E-15 



"" EtherEther--driftdrift "" experiments : noise or stochastic turbulence?experiments : noise or stochastic turbulence?EtherEther drift drift experiments : noise or stochastic turbulence?experiments : noise or stochastic turbulence?

 PowerPower spectrumspectrum ofof thethe longitudinallongitudinal
componentcomponent ofof thethe windwind measuredmeasured atat thethe

Power  spectrum of the frequency Power  spectrum of the frequency 
hift d b N l t l N thift d b N l t l N tcomponentcomponent ofof thethe windwind measuredmeasured atat thethe

FlorenceFlorence Airport,Airport, fromfrom SS.. RizzoRizzo andand AA..
Rapisarda,Rapisarda, arXivarXiv:: [cond[cond.. matmat..//04066840406684]]

shift measured by Nagel et al. Nature shift measured by Nagel et al. Nature 
Comm. Comm. 6 6 (2015) 8174 (2015) 8174 

 AgainAgain thisthis isis aa true signal



Alternative interpretation of the dataAlternative interpretation of the dataAlternative interpretation of the dataAlternative interpretation of the data

AA d t i i tid t i i ti i ti t ff thth i li l ii i l ti l t tt d ld l ff thth AA purepure deterministicdeterministic picturepicture ofof thethe signalsignal isis equivalentequivalent toto aa modelmodel ofof thethe
“ether”“ether” (i(i..ee.. thethe physicalphysical vacuum)vacuum) asas somesome kindkind ofof fluidfluid inin aa statestate ofof laminarlaminar
motionmotion wherewhere globalglobal andand locallocal velocityvelocity flowsflows coincidecoincide

 However,However, ifif thethe physicalphysical vacuumvacuum isis similarsimilar toto aa turbulentturbulent fluidfluid……andand ifif
turbulenceturbulence becomesbecomes isotropicisotropic atat smallsmall scalesscales  THENTHEN aa genuinegenuine signalsignalturbulenceturbulence becomesbecomes isotropicisotropic atat smallsmall scalesscales…… THENTHEN aa genuinegenuine signalsignal
wouldwould exhibitexhibit aa veryvery irregularirregular behaviorbehavior

 ForFor instanceinstance vectorvector observables,observables, asas thethe fringefringe shifts,shifts, wouldwould havehave vanishingvanishing
statisticalstatistical averageaverage (for(for anan infiniteinfinite numbernumber ofof measurements)measurements).. Yet,Yet, therethere
wouldwould bebe aa genuinegenuine physicalphysical signalsignalwouldwould bebe aa genuinegenuine physicalphysical signalsignal



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

M ll’ ti d i d f l i l h d d iM ll’ ti d i d f l i l h d d i ↔↔ L tL tMaxwell’s equations  were derived from classical hydrodynamics  Maxwell’s equations  were derived from classical hydrodynamics  ↔ ↔ Lorentz Lorentz 
invariance as an emergent symmetryinvariance as an emergent symmetry



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

 InIn quantumquantum gravitygravity thethe vacuumvacuum isis believedbelieved toto bebe aa formform ofof spacespace--timetime foamfoam
whichwhich resemblesresembles aa turbulentturbulent fluidfluid (originally(originally JJ.. AA.. WheelerWheeler 19571957))whichwhich resemblesresembles aa turbulentturbulent fluidfluid (originally(originally JJ.. AA.. WheelerWheeler 19571957))

 InIn thisthis picture,picture, repeatedrepeated measurementsmeasurements ofof aa timetime intervalinterval oror ofof aa distancedistance dodo notnot
produceproduce thethe samesame resultsresults butbut fluctuatefluctuate forfor fundamentalfundamental reasonsreasons TheThe frequencyfrequencyproduceproduce thethe samesame resultsresults butbut fluctuatefluctuate forfor fundamentalfundamental reasonsreasons.. TheThe frequencyfrequency
ofof anan opticaloptical resonatorresonator dependsdepends onon thethe mirrormirror spacingspacing.. SimpleSimple modelsmodels ofof thethe
fractionalfractional lengthlength changechange ΔL/L leadlead toto flickerflicker noisenoise S(ν) ≈ α/ν oror randomrandom walkwalk
noisenoise S(ν) ≈ β/ν2 (J(J NgNg ModMod PhysPhys LettLett AA1818 ((20032003)) 10731073)) ExptsExpts cancan placeplacenoisenoise S(ν) ≈ β/ν (J(J.. Ng,Ng, ModMod.. PhysPhys.. LettLett.. AA1818 ((20032003)) 10731073)).. ExptsExpts.. cancan placeplace
limitslimits onon α andand β

MM ll bb i ii i hh hh hifhif ff ll l i il i i ll
2

2

g MoreMore recently,recently, byby noticingnoticing thatthat thethe shiftshift vectorvector ofof generalgeneral relativityrelativity playsplays
thethe samesame rolerole ofof aa fluidfluid velocityvelocity ,, thethe quantumquantum fluctuationsfluctuations ofof thethe metricmetric inin
thethe holographicholographic modelmodel couldcould alsoalso bebe seenseen asas aa manifestationmanifestation ofof Kolmogorov’sKolmogorov’s

lili ll ff l itl it ii f llf ll d l dd l d t b lt b l (J(J NN dd ll b tll b t

2

0ig
iu

scalingscaling lawslaws ofof velocityvelocity inin fullyfully developeddeveloped turbulenceturbulence (J(J.. NgNg andand collaborators,collaborators,
ClassClass.. QuantQuant.. GravGrav..2525 ((20082008)) 225012225012;; IntInt..JJ..ModMod..PhysPhys..DD1919 ((20102010))23112311



The idea of a turbulent vacuum  (2/2)The idea of a turbulent vacuum  (2/2)

 AtAt somesome deepdeep levellevel thethe vacuumvacuum mightmight bebe aa stochasticstochastic medium,medium, similarsimilar toto aa
fluidfluid inin aa turbulentturbulent regimeregime AsAs inin thethe XIXXIX centurycentury perspective,perspective, LorentzLorentzfluidfluid inin aa turbulentturbulent regimeregime AsAs inin thethe XIXXIX centurycentury perspective,perspective, LorentzLorentz
symmetrysymmetry mightmight bebe anan emergentemergent phenomenonphenomenon

 HoweverHowever thethe ideaidea ofof LorentzLorentz symmetrysymmetry fromfrom anan underlyingunderlying chaoticchaotic mediummedium However,However, thethe ideaidea ofof LorentzLorentz symmetrysymmetry fromfrom anan underlyingunderlying chaoticchaotic mediummedium
isis notnot peculiarpeculiar ofof quantumquantum gravitygravity butbut isis alsoalso foundfound inin otherother classicalclassical andand
quantumquantum contexts,contexts, seesee ee..gg.. OO.. VV.. TroshkinTroshkin,, PhysicaPhysica AA168168 ((19901990)) 881881;; CC.. DD..
FroggattFroggatt andand HH BB NielsenNielsen TheThe OriginOrigin ofof SymmetrySymmetry WorldWorld ScientificScientific 19911991;;FroggattFroggatt andand HH.. BB.. Nielsen,Nielsen, TheThe OriginOrigin ofof Symmetry,Symmetry, WorldWorld ScientificScientific 19911991;;
LL.. AA.. Saul,Saul, PhysPhys.. LettLett.. AA314314 ((20032003)) 472472;; PP.. JizbaJizba andand HH.. KleinertKleinert PhysPhys.. RevRev..
DD8282 ((20102010)) 085016085016……

 TheThe persistence of this general picture suggestssuggests thatthat thisthis aspectaspect ofof thethe
vacuumvacuum mightmight notnot bebe aa purepure speculativespeculative issueissue butbut alsoalso havehave

h l i lh l i l i li tii li ti  II lt ti di f thphenomenologicalphenomenological implicationsimplications  InIn ourour case,case, alternative reading of the
stochastic signal observed in ether-drift experiments



Simplest argument: physical vacuum (ether) as a zeroSimplest argument: physical vacuum (ether) as a zero--viscosity viscosity 
fluidfluid infinite Reynolds numberinfinite Reynolds number turbulenceturbulencefluid fluid  infinite Reynolds numberinfinite Reynolds number turbulenceturbulence

 Informally,Informally, viscosityviscosity isis thethe quantityquantity thatthat
describesdescribes thethe resistanceresistance ofof aa fluidfluid toto thethe
motionmotion throughthrough itit ofof immersedimmersed objectsobjects



Light propagation in a stochastic vacuumLight propagation in a stochastic vacuumLight propagation  in a stochastic vacuumLight propagation  in a stochastic vacuum

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

i iv (t) v (t)  iv (t)
iv (t)yp yyp y

i i iv (t) v (t), v (t)    

g (t) 2 v (t)v (t)       p p g 0
  



VelocityVelocity fieldfield and light and light anisotropyanisotropy
 At At anyany givengiven timetime ““t” and at ” and at anyany direction direction θ, light , light anisotropyanisotropy hashas the the expressionexpression

2c ( ,t) v (t) 2[ (t)] 
 

wherewhere v(t) and            and            describedescribe the the locallocal velocityvelocity fieldfield in the in the relevantrelevant planeplane

02

( ) cos2[ (t)]
c c

     

0(t)

withwith
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2( ) 2(t)

 HenceHence, , byby introducingintroducing the xthe x--y y velocityvelocity componentscomponents
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 oneone findsfinds
2 2
x y
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StochasticStochastic velocityvelocity fieldfield
 The xThe x--y velocity components can be simulated in a stochastic model where turbulence y velocity components can be simulated in a stochastic model where turbulence 

becomes isotropic and homogeneous at small scales. This is based on the simple picture becomes isotropic 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). of the vacuum as a fluid with vanishing viscosity (or infinite Reynolds number). 

 In this case, one can use the In this case, one can use the method of random Fourier series , see e.g. L. Onsager N. , see e.g. L. Onsager N. 
CimentoCimento Suppl. 6 (1949) 279; Landau& Suppl. 6 (1949) 279; Landau& LifshitzLifshitz, Fluid Mechanics; J. C. Fung et al., J. , Fluid Mechanics; J. C. Fung et al., J. 
Fluid Mech. 236 (1992) 281.  Fluid Mech. 236 (1992) 281.  

Frequencies are with period (in our case)Frequencies are with period (in our case)

x n n n n
n 1

v (t) x (1)cos t x (2)sin t




      y n n n n
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  dT TFrequencies are                      with period  (in our case)Frequencies are                      with period  (in our case)

 The coefficients                       and                      are random variables with zero mean The coefficients                       and                      are random variables with zero mean 
within the ranges and respectively These boundarieswithin the ranges and respectively These boundaries
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are determined by the global flow (Earth cosmic motion)are determined by the global flow (Earth cosmic motion)
 In a uniform probability model  quadratic averages areIn a uniform probability model  quadratic averages are

x x[ v (t), v (t)] x x[ v (t), v (t)]
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where where η fixes the power spectrum of the fluctuating components.                                             fixes the power spectrum of the fluctuating components.                                             
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StatisticallyStatistically isotropicisotropic locallocal velocityvelocity fieldfield
 In In thisthis modelmodel statisticalstatistical averagesaverages areare
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 IfIf ReynoldsReynolds numbernumber ReRe ∞∞ KolmogorovKolmogorov theorytheory predictspredicts statisticalstatistical isotropyisotropy andand certaincertain
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 IfIf Reynolds Reynolds numbernumber Re Re  ∞, ∞, KolmogorovKolmogorov theorytheory predictspredicts statisticalstatistical isotropyisotropy and and certaincertain
scalingscaling lawslaws.  .  ByBy definingdefining the the boundariesboundaries are                           so are                           so thatthat2 2 2

x yv (t) v (t) v (t)    x y
v (t)v (t) v (t)

2
 


 

2S(t) 2C(t) 0 

 and and thereforetherefore
stat stat

2S(t) 2C(t) 0

stat
c ( , t)

2C(t) cos 2 2S(t) sin 2 0 
    

stat stat
2C(t) cos 2 2S(t) sin 2 0

c
    



Analysis of a (standard) Michelson’s interferometeAnalysis of a (standard) Michelson’s interferometerr
Fringe shifts depend on the time differenceFringe shifts depend on the time difference
Δτ(θ,t) withwith

soso thatthat

2D 2D( ,t)
c ( ,t) c ( / 2 ,t) 

   
   

so so thatthat

 c ( ,t)( ,t) 2D 2D 2C(t)cos2 2S(t)sin 2
c

  
    

  
ButBut in a in a modelmodel of of isotropicisotropic turbulenceturbulence

( , t) 2D 2C(t) cos2 2S(t) sin 2 0        

 WithWith suchsuch stochasticstochastic formform ofof drift,drift, thethe traditionaltraditional datadata takingtaking ofof aa vectorvector averageaverage

stat stat
stat

2C(t) cos2 2S(t) sin 2 0     

ofof thethe fringefringe shiftsshifts (at(at thethe samesame angleangle andand atat thethe samesame siderealsidereal time)time) hashas nono sensesense..
TheThe averagesaverages wouldwould vanishvanish exactly forfor anan infiniteinfinite numbernumber ofof measurementsmeasurements.. But,But,
then,then, howhow toto comparecompare withwith thethe oldold experiments?experiments?then,then, howhow toto comparecompare withwith thethe oldold experiments?experiments?

 SimpleSimple answeranswer:: analyzeanalyze thethe datadata inin Amplitude andand Phase



AmplitudeAmplitude--Phase analysis of the dataPhase analysis of the data
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 REMARK:: WithWith KolmogorovKolmogorov scalingscaling ,, η=1 inin thethe LagrangianLagrangian descriptiondescription
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 REMARK:: WithWith KolmogorovKolmogorov scalingscaling ,, η 1 inin thethe LagrangianLagrangian descriptiondescription
wherewhere thethe pointpoint ofof measurementmeasurement isis aa wanderingwandering materialmaterial pointpoint inin thethe fluidfluid..
InsteadInstead η=5/6 inin thethe EulerianEulerian descriptiondescription.. PredictionsPredictions wouldwould bebe largerlarger byby aa factorfactor
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riemann
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Comparison with the classical predictionsComparison with the classical predictions
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 Example : =369 km/s and Expts. in gaseous media

c

v Example : 369 km/s and Expts. in gaseous media
airair atmatm.. pressurepressure andand roomroom temptemp. ε ≈ 0.000278  6.5 km/s
heliumhelium atmatm.. pressurepressure andand roomroom temptemp.. ε≈ 0.000033  2.2 km/s

v
obsv 

obsv 
TypicalTypical fringefringe shiftsshifts areare aboutabout 2020 timestimes smallersmaller oror 200200 timestimes smaller,smaller, respectively,respectively,

thanthan thethe classicalclassical predictionprediction forfor thethe muchmuch lowerlower orbitalorbital valuevalue ofof 3030 km/skm/s !!



1887: Michelson1887: Michelson--Morley experimentMorley experiment



1902 :1902 : HicksHicks’’ analysisanalysis ofof MMMM datadata1902 : 1902 : HicksHicks   analysisanalysis ofof MMMM data data 

 ““…… thethe datadata publishedpublished byby MichelsonMichelson andand
MorleyMorley insteadinstead ofof givinggiving aa nullnull resultresultMorley,Morley, insteadinstead ofof givinggiving aa nullnull result,result,
showshow distinct evidence for an effect of
the kind to be expected ..””

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



1933 : Miller’s 1933 : Miller’s analysisanalysis

 ““TheThe briefbrief seriesseries ofof observationsobservations byby
MichelsonMichelson andand MorleyMorley waswas sufficientsufficientMichelsonMichelson andand MorleyMorley waswas sufficientsufficient
toto clearlyclearly showshow thatthat thethe effecteffect hadhad notnot
thethe expectedexpected magnitudemagnitude.. However,,
andand thisthis shouldshould bebe emphasizedemphasized theandand thisthis shouldshould bebe emphasized,emphasized, the
indicated result was not zero ..””

 D. C. Miller, Rev. Mod. D. C. Miller, Rev. Mod. PhysPhys. 5(1933) . 5(1933) 
203203



Hicks 1902Hicks 1902
 SecondSecond harmonicharmonic

 M.C. and E. Costanzo 2004M.C. and E. Costanzo 2004



Irregular direction of the driftIrregular direction of the driftIrregular direction of the driftIrregular direction of the drift

ThTh l itl it tt ff thth TheThe velocityvelocity vectorsvectors forfor thethe
noonnoon sessionssessions ofof thethe MMMM
exptexpt.. (typical(typical angularangular errorserrors
+/+/ 1212 degrees)degrees)+/+/-- 1212 degrees)degrees)

 SubstantialSubstantial differencesdifferences amongamong
hh ii iithethe variousvarious sessionssessions



Strong fluctuations in Miller’s extensive Strong fluctuations in Miller’s extensive 
b ib iobservationsobservations

 TheThe amplitudesamplitudes areare proportionalproportional toto TheThe amplitudesamplitudes areare proportionalproportional toto
.. TheirTheir valuesvalues atat thethe highesthighest

observableobservable velocitiesvelocities ((1212--1313 km/s)km/s) areare

2
obsv

aboutabout 1010 timestimes biggerbigger thanthan thethe
amplitudesamplitudes atat thethe minimaminima ((44 km/s)km/s)

 ThisThis aspectaspect cannotcannot bebe explainedexplained inin aapp pp
smoothsmooth modelmodel ofof thethe driftdrift wherewhere thethe
ratioratio dependsdepends onon thethe relativerelative sizesize ofof
maximalmaximal andand minimalminimal dailydaily projectionsprojectionsmaximalmaximal andand minimalminimal dailydaily projectionsprojections
ofof thethe EarthEarth velocityvelocity andand doesdoes notnot
exceedexceed aa factorfactor ofof 22
SS ff ii JJ ’’ ii SameSame featuresfeatures inin JoosJoos’’ preciseprecise
measurementsmeasurements

 ThisThis aspectaspect couldcould bebe understoodunderstood inin aapp
stochasticstochastic modelmodel ofof thethe driftdrift



1930: 1930: JoosJoos’ experiment’ experiment inin JenaJena

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





JoosJoos’ data’ data

 MotorMotor--drivendriven rotationrotation system,system, datadatay ,y ,
collectedcollected duringduring allall 2424 hourshours andand
recordedrecorded byby photophoto--cameracamera..

 TheThe mostmost accurateaccurate classicalclassical experimentexperiment TheThe mostmost accurateaccurate classicalclassical experimentexperiment
 AccordingAccording toto SwensonSwenson opticaloptical pathspaths

werewere placedplaced inin aa heliumhelium bathbath
 ThereThere seemsseems toto bebe aa smallsmall misalignmentmisalignment

(perhaps(perhaps 1717 oror 2222..55 degrees)degrees) betweenbetween
Joos’sJoos’s referencereference anglesangles andand thethe NN WWJoos sJoos s referencereference anglesangles andand thethe N,N, W,W,
SS marksmarks

 OnlyOnly secondsecond harmonicharmonic amplitudesamplitudes (and(and
hh h )h ) bb ddnotnot thethe phases)phases) cancan bebe extractedextracted

unambiguouslyunambiguously



22ndnd harmonicharmonic fitfit toto JoosJoos’ data ’ data 



 Joos’sJoos’s datadata areare extremelyextremely precise,precise, aboutabout +/+/--00..0003500035
  BigBig differencedifference betweenbetween thethe lowestlowest datadata (observations(observations 2020 andand 2121)) andand highhigh

datadata (about(about 1010σσ withwith observationobservation 1111 andand 55σσ withwith observationsobservations 22,, 66 andand 1313))

 InIn aa "" smoothsmooth "" modelmodel ofof thethe driftdrift thethe relativerelative magnitudemagnitude ofof highhigh andand lowlow InIn aa smoothsmooth modelmodel ofof thethe drift,drift, thethe relativerelative magnitudemagnitude ofof highhigh andand lowlow
datadata isis deterministicallydeterministically givengiven byby thethe squaresquare ofof thethe projectionsprojections ofof thethe earthearth
velocityvelocity.. ForFor thethe CMBCMB andand JenaJena thethe ratioratio isis smallersmaller thanthan 22..
ByBy changingchanging thethe overalloverall normalizationnormalization oneone cannotcannot reproducereproduce bothboth

Jena 40
CMB 70v 330 km / s


ByBy changingchanging thethe overalloverall normalizationnormalization oneone cannotcannot reproducereproduce bothboth..

 InIn aa smoothsmooth picturepicture ofof etherether driftdrift thesethese datadata MUSTMUST BEBE instrumentalinstrumental artifactsartifacts



 Comparison between Comparison between JoosJoos’ measurements and our ’ measurements and our pp
stochastic model of the driftstochastic model of the drift

 Various statistical tests Various statistical tests 

 Excellent agreement with the type of cosmic motion Excellent agreement with the type of cosmic motion 
indicated by the direct CMB observationsindicated by the direct CMB observations



 Joos’Joos’ amplitudesamplitudes areare comparedcompared withwith thethe resultresult ofof aa singlesingle simulationsimulation (for(for fixedfixed
randomrandom sequencesequence andand fixedfixed numbernumber ofof FourierFourier modes)modes) withwith thethe stochasticstochasticrandomrandom sequencesequence andand fixedfixed numbernumber ofof FourierFourier modes)modes) withwith thethe stochasticstochastic
velocityvelocity fieldfield boundbound byby CMBCMB kinematicalkinematical parametersparameters.. ImportantImportant toto getget aa
qualitativequalitative impressionimpression ofof thethe agreementagreement withwith ourour modelmodel.. TheThe smoothsmooth curves,curves,
asas functionsfunctions ofof thethe siderealsidereal timestimes areare fittedfitted toto goodgood accuracyaccuracy byby thethe CMBCMBasas functionsfunctions ofof thethe siderealsidereal times,times, areare fittedfitted toto goodgood accuracyaccuracy byby thethe CMBCMB
angularangular parametersparameters α (CMB) = 168 Degrees γ (CMB) = -7 Degrees



li dli d dd i hi h i l ii l i ff ii Joos’Joos’ amplitudesamplitudes areare comparedcompared withwith aa simulationsimulation ofof averagingaveraging overover
1010 hypotheticalhypothetical measurementsmeasurements performedperformed atat thethe samesame JoosJoos timestimes..
ErrorsErrors taketake intointo accountaccount thethe variationvariation ofof bothboth thethe randomrandom sequencesequenceErrorsErrors taketake intointo accountaccount thethe variationvariation ofof bothboth thethe randomrandom sequencesequence
andand thethe numbernumber ofof FourierFourier modesmodes (for(for fixedfixed CMBCMB motion)motion)





Probability histogram for Probability histogram for JoosJoos’ figure 11 ’ figure 11 



Probability histogram for Probability histogram for JoosJoos’ figure 20’ figure 20



SummarySummary ofof thethe classicalclassical experimentsexperiments

(NOTICE: NO FREE PARAMETERS!)



 NoNo doubtdoubt:: inin ourour stochasticstochastic model,model, therethere areare definitedefinite
correlationscorrelations betweenbetween thethe classicalclassical etherether--driftdrift experimentsexperiments
andand directdirect CMBCMB observationsobservationsandand directdirect CMBCMB observationsobservations

HH k tik ti ldld b blb bl “C l ti“C l ti However,However, aa skepticskeptic wouldwould probablyprobably argueargue:: “Correlations“Correlations
withwith thethe CMBCMB observations?observations? PerhapsPerhaps...... butbut NOTNOT genuinegenuine
preferredpreferred--frameframe effectseffects.. Instead,Instead, thesethese areare thermalthermal effects”effects”preferredpreferred frameframe effectseffects.. Instead,Instead, thesethese areare thermalthermal effectseffects







‹ΔT› = (0.26 ± 0.06)  mK ((non-local thermalthermal effecteffect))

 CouldCould thisthis ‹ΔT› bebe aa “residual”“residual” ofof thethe CMBCMB dipoledipole ΔT(CMB) = ± 3 36 mK ? CouldCould thisthis ‹ΔT› bebe aa residualresidual ofof thethe CMBCMB dipoledipole ΔT(CMB) ± 3.36 mK ?
 VeryVery weakweak interactionsinteractions ofof thethe CMBCMB photonsphotons withwith neutralneutral mattermatter ‹ΔT› << ΔT(CMB)
 SameSame phenomenologyphenomenology butbut differentdifferent fromfrom aa genuinegenuine preferredpreferred--frameframe effecteffect
 HowHow toto distinguishdistinguish thethe twotwo interpretations?interpretations?
 AnswerAnswer:: looklook atat etherether--driftdrift experimentsexperiments inin vacuumvacuum
 InIn vacuumvacuum suchsuch aa smallsmall ‹ΔT› shouldshould bebe unobservableunobservable



 TheThe thermalthermal interpretationinterpretation hashas anan importantimportant implicationimplication::
 AssumeAssume thatthat thethe effectseffects seenseen inin gasesgases areare reallyreally duedue toto suchsuch

tinytiny nonnon--locallocal thermalthermal gradientgradient
 THEN oneone isis naturallynaturally drivendriven toto concludeconclude thatthat IF therethere isis aa

ffff ii i hi h iinonnon--zerozero effecteffect inin vacuum,vacuum, withwith veryvery preciseprecise measurements,measurements,
THE SAME effecteffect shouldshould alsoalso showshow upup inin solidsolid dielectricsdielectrics
II lidlid ii f tf t titi ΔT ff b tb t 00 2626 KK ldld InIn aa solid,solid, inin fact,fact, aa tinytiny ΔT ofof aboutabout 00..2626 mKmK wouldwould
dissipatedissipate byby thermalthermal conductionconduction withoutwithout anyany particleparticle flowflow
andand nono lightlight anisotropyanisotropyandand nono lightlight anisotropyanisotropy

 InIn thisthis wayway wewe willwill returnreturn toto ourour startingstarting pointpoint:: thethe
unexplainedunexplained agreementagreement betweenbetween NagelNagel etet alal.. (sapphire(sapphirepp gg gg ( pp( pp
cryogenic)cryogenic) andand ChenChen etet alal.. (vacuum(vacuum atat roomroom temperature)temperature)



Two Two most precise experiments and restrict to the shortmost precise experiments and restrict to the short--
term term stabilitystability

 Sapphire, cryogenic, EM-wave 
frequency 1.29 E+10Hz

 Vacuum, room temperature, 
EM-wave frequency 2.818E+14 Hz

(1s) 8.5E 16  



A tiny             vacuum refractivity?A tiny             vacuum refractivity?9
v 10 

910 

 TheThe twotwo experimentsexperiments havehave completelycompletely differentdifferent systematicssystematics.. ItIt isis unlikelyunlikely thatthat
suchsuch remarkableremarkable agreementagreement isis justjust duedue toto spuriousspurious instrumentalinstrumental noisenoise

 Instead,Instead, withwith aa thermalthermal interpretationinterpretation ofof thethe ENHANCEMENTENHANCEMENT observedobserved inin
gases,gases, itit couldcould indicateindicate genuinegenuine fluctuationsfluctuations ofof thethe velocityvelocity ofof lightlight ININg ,g , gg yy gg
VACUUMVACUUM..

II f tf t ff thth l til ti InIn fact,fact, fromfrom thethe relationrelation
2

15
2

c v 10
c c


  

wewe wouldwould deducededuce thatthat thethe velocityvelocity ofof lightlight measuredmeasured inin vacuumvacuum (on(on thethe earthearth
surface)surface) isis NOTNOT exactlyexactly thethe samesame parameterparameter “c”“c” ofof LorentzLorentz transformationstransformations..ForFor

thth l itl it 300 k / thth ldld diffdiff tt thth l ll l 910anan earthearth velocityvelocity v ≈ 300 km/s,, theythey couldcould differdiffer atat thethe levellevel ε ≈ 910



 PeculiarityPeculiarity ofof aa tinytiny vacuumvacuum refractivityrefractivity910 

 ObservationObservation:: suchsuch smallsmall refractivityrefractivity isis atat thethe limitlimit ofof thethe bestbest precisionprecision
ff hh dd ff li hli h (b f(b f hh “ ”“ ” i )i )measurementsmeasurements ofof thethe speedspeed ofof lightlight (before(before thethe “exactness”“exactness” assumption)assumption)



GravitationalGravitational originorigin ofof suchsuch vacuumvacuum refractivityrefractivity??
VSL=VSL= VariableVariable SpeedSpeed ofof LightLight

910 

VSVS Va ab eVa ab e SpeedSpeed oo g tg t





Summarizing:Summarizing:Summarizing: Summarizing: 

 11)) inin aa spatiallyspatially--VSLVSL scheme,scheme, forfor anan apparatusapparatus placedplaced onon thethe EarthEarth surface,surface, thethe 11)) inin aa spatiallyspatially VSLVSL scheme,scheme, forfor anan apparatusapparatus placedplaced onon thethe EarthEarth surface,surface, thethe
physicalphysical velocityvelocity ofof lightlight inin vacuumvacuum wouldwould differdiffer fromfrom thethe basicbasic parameterparameter
“c”“c” ofof LorentzLorentz transformationtransformation byby aa tinytiny vacuumvacuum refractivityrefractivity
22)) ThiThi f ti itf ti it ii tt DIRECTLYDIRECTLY blbl b ib i blbl

910 
 22)) ThisThis vacuumvacuum refractivityrefractivity isis notnot DIRECTLYDIRECTLY measurable,measurable, beingbeing comparablecomparable

toto thethe uncertaintyuncertainty ofof thethe bestbest precisionprecision measurementsmeasurements performedperformed inin thethe pastpast
beforebefore assumingassuming standardsstandards ofof measuremeasure wherewhere “c”“c” hashas nono errorerror

 33)) HoweverHowever,, ourour analysisanalysis ofof thethe classicalclassical experimentsexperiments suggestssuggests that,that, ifif therethere
werewere aa preferredpreferred referencereference frameframe (with(with thethe samesame typicaltypical v≈300 km/s indicatedindicated
byby thethe directdirect CMBCMB observationsobservations),), wewe shouldshould expectexpect irregularirregular fluctuationsfluctuations ofofbyby thethe directdirect CMBCMB observationsobservations),), wewe shouldshould expectexpect irregularirregular fluctuationsfluctuations ofof
thethe velocityvelocity ofof lightlight inin vacuumvacuum atat thethe fractionalfractional levellevel

 44)) TogetherTogether withwith aa thermalthermal interpretationinterpretation ofof thethe enhancementenhancement observedobserved inin
thithi ldld ll thth i li l dd idid tit titit ti l til ti ff thth

1510

gases,gases, thisthis wouldwould closeclose thethe circlecircle andand provideprovide aa quantitativequantitative explanationexplanation ofof thethe
instantaneousinstantaneous signalssignals observedobserved byby ChenChen etet alal.. (in(in vacuum)vacuum) andand byby NagelNagel etet alal..
(in(in sapphire)sapphire)



SimulationSimulation ofof the the instantaneousinstantaneous signalsignal
M. C. and A. M. C. and A. PluchinoPluchino, EPJ Plus 133 (2018) 295, EPJ Plus 133 (2018) 295

(t) 2S(t)sin 2 t 2C(t)cos2 t
   rot rot

0

2S(t)sin 2 t 2C(t)cos2 t   


 SimulationSimulation of the of the instantaneousinstantaneous signalsignal
((unitsunits EE--15)    15)    



Histograms of Histograms of 2C(t) and and 2S(t) at at steps steps of 1 second (during one day)of 1 second (during one day)

(2C) (8 7 / 0 8) E 16 (2S) (9 6 / 0 9) E 16 σ (2C)= (8.7 +/- 0.8) E-16  ;   σ (2S)= (9.6 +/- 0.9) E-16
 σ(Δν/ν)  = (9  +/- 1)E-16   Simulation
 σ (Δν/ν) = 8.5E-16 Experiment σ (Δν/ν)            8.5E 16   Experiment



In our stochastic model:In our stochastic model:

1) correlations between CMB observations and classical 1) correlations between CMB observations and classical exptsexpts.? YES.? YES

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

Th t diti l i t f t bli hi th i t fTh t diti l i t f t bli hi th i t fThe traditional requirements for establishing the existence of aThe traditional requirements for establishing the existence of a
Fundamental Preferred Frame are fulfilledFundamental Preferred Frame are fulfilled



Check with a modern Michelson interferometerCheck with a modern Michelson interferometer

 ByBy extrapolatingextrapolating fromfrom thethe classicalclassical MichelsonMichelson--MorleyMorley experiments,experiments, wewe
hh fl ifl i ff hh l il i ff li hli h ff i di dexpectexpect shortshort--termterm fluctuationsfluctuations ofof thethe velocityvelocity ofof lightlight ofof magnitudemagnitude
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 AnAn independentindependent checkcheck withwith aa modernmodern MichelsonMichelson interferometerinterferometer wouldwould
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ForFor instance,instance, RMSRMS stabilitystability m andand effectiveeffective pathpath L ≈ 10 km
(or(or m andand L ≈ 100 km …)  VIRGO ?
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xyL 10 
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ConclusionsConclusions
 InIn allall etherether--driftdrift experimentsexperiments ,, fromfrom MichelsonMichelson--MorleyMorley toto thethe mostmost recentrecent

experimentsexperiments withwith opticaloptical resonators,resonators, therethere areare small,small, irregularirregular residualsresiduals
traditionallytraditionally interpretedinterpreted asas meremere instrumentalinstrumental artifactsartifacts ("null("null results")results")..

 However,However, thethe irregularirregular formform ofof lightlight anisotropyanisotropy observedobserved inin laboratorylaboratory couldcould
alsoalso indicateindicate aa subtlesubtle formform ofof etherether--driftdrift somewhatsomewhat similarsimilar toto aa turbulentturbulent flowflowalsoalso indicateindicate aa subtlesubtle formform ofof etherether drift,drift, somewhatsomewhat similarsimilar toto aa turbulentturbulent flowflow
wherewhere largelarge--scalescale andand smallsmall--scalescale aspectsaspects ofof thethe fluidfluid motionmotion areare onlyonly relatedrelated
indirectlyindirectly..
BB ii ff hihi b ib i ii h i lh i l hh ll d ByBy startingstarting fromfrom thisthis observation,observation, inin aa newnew theoreticaltheoretical scheme,scheme, all data
collected so far (with(with lightlight propagatingpropagating inin gases,gases, vacuumvacuum andand solidsolid dielectrics)dielectrics)
show surprising correlations with the direct CMB observations withwith
satellitessatellites inin spacespace..

 ThisThis opensopens thethe possibilitypossibility ofof finallyfinally linkinglinking thethe CMBCMB toto aa fundamentalfundamental
preferredpreferred frameframe withwith substantialsubstantial implicationsimplications forfor thethe interpretationinterpretation ofof nonnon--preferredpreferred frameframe withwith substantialsubstantial implicationsimplications forfor thethe interpretationinterpretation ofof nonnon
localitylocality inin thethe quantumquantum theorytheory..

 TheThe importanceimportance ofof thethe issueissue wouldwould deservedeserve toto exploitexploit thethe unexpressedunexpressed VirgoVirgo
potentialitypotentiality toto revealreveal thethe samesame tinytiny fluctuationsfluctuations ofof thethe velocityvelocity ofof lightlight observedobserved
inin laboratorylaboratory..


