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Quantum modalities, interpretation of Quantum Mechanics and Special Relativity, and an experimental test for multiple worlds Yannis helmsEigoutsos * vortoire igrx ¡ i @ie TQITA ! niversit¡ e de oitiers (Dated: January 1st, 2019, submitted to Stud.Phil.Phys.) estrtFE his pper investigtes the physilD experimentleD relity of multiple worlds of untum wehnisF yn the sis of re)etion on the fundmentl prinE iples of physis @seF sFeAD (rmly rejeting the inomprehension impertive often sE soited with untum wehnis @seF sFfAD nd strongly relying on n experimentl methodology @seF sFgA nd on the superposition prinipleD we propose uni(ed interE prettion of quntum physis @seF ssAD the potentil world modl interprettionF his frmework mkes multipleEworld nd pilotEwve interprettions onvergeF st lso lri(es the onepts of potentil world nd suEquntil potentil prtileF henD we turn to eltivity nd sketh out n emergene of peil eltivity without rods nd loks @seF sssFeA providing inemti nd phenomenl interprettion of F e suggest to distinguish etween given nd reeived grvittion nd reson on it t suEquntil level @seF sssFfA nd formulte the hypothesis tht weight is tive etween potentil worlds @seF sssFgAF sf this e'et follows the von xeumnn hinD it should e oservE le with ville tehniques @seF sssFhAF sf orretD this hypothesis ould ontriute explntions for osmi in)tionD drk mtter nd the osmologil onstnt prolem @seF sAF woreoverD our inemti interprettion of reltivity in n expnding universe might led to justi(tion of the wyxh theory @seF sFfFQAF ¡ esum¡ eFE get rtile explore l question de l r¡ elit¡ e physiqueD exp¡ erimentleD des mondes multiples de l w¡ enique untiqueF in nous ppuyntD d9une prtD sur une r¡ e)exion sur les prinipes fondmentux de l physique @seF sFeAD rejetnt r¡ esolument l9imp¡ ertif d9inompr¡ ehension qui 'ule souvent l w¡ enique untique @seF sFfA et s9ppuynt sur des prinipes m¡ ethodologiques fond¡ es sur l9exp¡ erimenttion @seF sFgAD etD d9utre prtD sur le prinipe de superpositionD nous proposons une interpr¡ ettion uni(¡ ee de l physique quntique @seF ssAD l9interpr¡ ettion modle des mondes potentielsF gelleEi fit onverger les interpr¡ ettions de type mondes multiples et les interpr¡ ettions de type ondeEpilote et donne une d¡ e(nition pr¡ eise des onepts de monde potentiel et de prE tiule potentielle ou suquntiqueF xous esquissons ensuite un m¡ enisme d9¡ emergene de l eltivit¡ e estreinte prtir de pr¡ esuppos¡ es suquntiques simples @seF sssFeAD sns r egle ni horlogeF gei fonde une interpr¡ ettion in¡ emtique et ph¡ enom¡ enle de l eltivit¡ e estreinteF in distingunt entre grvittion re ue et donn¡ ee et en risonE nnt un niveu suquntique @seF sssFfA nous formulons l9hypoth ese que le poids git entre monde potentiels @seF sssFgAF i et e'et remonte ien l h¢ %ne de von xeuE mnnD nous proposons de l9oserver l9ide de tehnologies d9ores et d¡ ej disponiles @seF sssFhAF i notre hypoth ese s9v ere orreteD elle pourrit ontriuer expliquer plusieurs ph¡ enom enes jusqu9lors isol¡ es X l9in)tion osmiqueD l mti ere somre et le prol eme de l onstnte osmologique @seF sAF in(nD notre interpr¡ ettion in¡ emtique de l reltivit¡ e dns un univers en expnsion pourrit onduire une justi(tion de l th¡ eorie wyxh @seF sFfFQAF

I. INTRODUCTION

A. Raising a question por nerly P SHH yersD lto9s gve llegory 1 hs inE spired mny re)etions out relityF hrwing line eE tween phenomen nd theoriesD it emphsizes the difE (ulty to tell the illusion of hit from the essene of thingsF sn some wyD phenomen re the only tngile relityY we n reh for the ltterD we n ump on itF fut phenomen re in the gveD their expression is omplexD sometimes hrd to understndD nd does not onvey ny deep representtionF henomen reD funE dmentllyD sttered relityX the woon9s orit nd the fll of pples fuel no ommon experieneF o gther solid representtionD we need to explore the gve for n exitD nd serh for nother form of relityX sienE ti( theoriesF st is indeed some form of relityD lest methodologil oneD sine we n experiene itF fut tht relity fundmentlly lks ojetivityF sn lto9s nrE P rtiveD gve people do not wnt to elieve the explorer nd they end up killing himF o ope with sujetivE ityD siene hs uilt upD over the enturiesD methodolE ogyY yetD s epistemology nd the history of siene hve shownD experiment underEdetermines theoriesX the sme experimentl orpus n led to numerous di'erent theE oriesF ss xewton hnged our theoretil vision of grvittion nd gthered in single model the woon9s orit nd the fll of pplesD showing to mnkind n unE derlying relityF his vision is more soundD more rel in wyD ut n pss with timeX going further out of the gveD new experiene n led to other seminl theoriesF ome theories my lso e onurrent for enturiesD like wve nd orpusulr theories for lightF ome theories my supersede othersD like the iinsteinin vF xewtonin grvittion theoriesF lto9s gve ws somewht smllX s soon s he withdrew his shklesD lto9s explorer mnged to get out of itF iene requires more workY siene explorers progress slowlyD to ddD step y stepD some light to nE ient puzzlesF por usD sientistsD theoretil explortion does not only onsist of strt re)etionsD it is lso mens to extend the phenomenl registerX it does sy where to lookD nd wht to look for " s shown y rin ve errier nd tohnn qlle for xeptuneD or elert iinstein nd erthur iddington for qenerl reltivE ityF por tht resonD ykhm9s rzor should not e too quik to shve wy interprettionsD s long s they im t some experimentl vlidtionF husD our (rst guiding priniple should not e too strit 2 F Principle 1 @prsimonyA. e re to dmit no more uses of nturl things thn suh s re oth true nd su0ient to explin their ppernesF hereforeD to s mny s possile nturl e'ets @phenomenAD one must ssign the sme uses @explntionsAF he (rst modern reltivity ws the reltivity of veloE ityD formlized nd rgued y qlileoF his model does not rule out solute speedD ut does involve tht n E solute speed is not phenomenlF yn this sisD elert iinstein did theorize reltivity of speGtimeD ndD lter onD reltivity of inertiGgrvittionF prom suh point of viewD inertiD grvittionD speD timeD veloE ity nd displement re e'ets of perspetiveF yne n red similrly rugh iverett9s interprettion @IWSUA s reltivity of quntum stte 3 F yur (rst min questionD in 2 he (rst sentene quotes ss xewtonF he seond is inspired y his formultionF sn mny ples he omes k to the ide of xture F F F most simple nd onsonnt to herselfF 3 yn (rst level of nlysisD qlileo nd iinstein shre ommon reltivist pprohF roweverD the prsimony priniple leds to di'erent interprettive onlusions for these uthorsF qlileoD in his hilogue gonerning the wo ghief orld ysE tems @qlileiD IWWPA tres some sort of reltivity priniple k this pperD is whether iverett9s interprettion is purely theoretilD iFeF mtter of metphysis or pedgogy @s it is ommonly understood without ny signi(nt disusE sionAD or whether the reltive stte theory ould ontin experimentl relityF lto9s gve explorer disovers new lndspes ndD thnks to themD explins shdows on the wllY rugh iverett9s work hs not rehed tht point yetF st o'ers oherent vision for quntum pheE nomenD it does enfore priniple I of prsimonyD it is omptile with ll we know experimentllyD utD stillD it is lking experimentl support for t lest prt of itX multiple worldsF e introdue in this pper new wy of onsidering this questionD to formlize it s relE tivityD nd to onfront it to previous reltivity theoriesF ushing further the interprettionD we put forwrd hyE pothesis on how grvittion ould ehve with respet to quntum stte reltivityF e show tht this hypothesis n hve n experimentl test with existing tehnologiesF sn more speultive prt of the pperD we rgue tht our hypothesis ould led to ommon explntion for drk mtterD for osmologil in)tionD nd for grvitE tion9s extreme weknessD ompred to other foresF sf our hypothesis hppens to e trueD grvittion shll no longer e seenD fundmentllyD s n intertion in the sme sense s eletrowek or strong foresF snidentllyD we sketh out some possile reonilition etween elE tivity nd untum wehnisF B. Relying of an principle ihrd peynmn 4 one sidX s think s n sfely sy tht noody understnds quntum mehnisF his fE (rmtion irultes mostly in two populr versionsX sf people sy they understnd quntum mehnisD they9re lyingD or sf someone thinks he understnds quntum mehnisD it9s euse he doesn9tF hese formultions follow suit with n old thwordX hose who re not shoked when they (rst ome ross quntum mehnE is nnot possily hve understood it @xiels fohr to rhi physisF xiolus gopernius @IWWVD hpF sFVD pF TQAD for exmpleD ite eenesX e set out from hrorD nd lnds nd ities reedeF irgilD eeneidD sss UPF qlileo reE sorts to the exmple of the ship from enie to elep nd her speed like nothing for pssengers @flirD PHHPD ppF IP sqqFAF qlilen reltivity is mostly use of perspetive rtionleD it does not imply the nonexistene of n solute elerityF yn the other hndD iinstein9s peil eltivity follows irnst wh very strit interprettion of the prsimony priniple nd rules out solute veloitiesX only reltive veloities do relly existF sn the present pper we shll not restrit reltivity to the whE iinstein mening " iverett9s reltivity seemsD indeedD loser to qlileo9s perspetive reltivityF 4 roility nd nertinty"the untum wehnil iew of xtureD Tth wessenger leture @IWTRAF golleted in he ghrE ter of hysil vw @IWTUAD pF IPWF @reisenergD IWSVD itFAAF wny other thinkers of unE tum wehnis propgte similr oneptionD whih we ould ll the inomprehension impertiveF sn wyD our urrent sienti( ulture foridsD in very strong mnE nerD the understnding of untum wehnisD leding to some form of resigntionX ell of modern physis is governed y tht mgni(ent nd thoroughly onfusing disipline lled quntum mehnisFFF st hs survived ll tests nd there is no reson to elieve tht there is ny )w in itFFF e ll know how to use it nd how to pply it to prolemsY nd so we hve lerned to live with the ft tht noody n understnd it @wurry qellEwnn 5 AF he inomprehension impertive my lso e stisE ftion with struseD surd or nonsensil explnE tionsF por exmpleD mny ourses or populr sieneD present prtiles in douleEslit oungEtype experiment s pssing through oth slitsD or neitherF ome uE thorsD more utiousD present it s question tht nnot e nsweredF ss it filure of pedgogyc xot only3 st is filure of lnguge nd resoningX qrrett firkhoff nd tohn von xeumnn @IWQTA showedD long time goD tht nture nnot e desried y glssil vogi loneF o e generl nd sinere with quntil 6 exE perimentsD one must reson with untum vogi @vA insted of glssil vogi @gvAF he sentene tht the eletron psses through the left slit nd the right slit is flse @zero mesureAF he sttement tht the eletron psses through the left slit or CL the right slit is lso flse @zero mesureAF ht is true is tht it psses through the left or QL the right slit " with quntum logil orD iFeF superposition of sttesF o reson ording to wht we experimentlly know of our worldD we need to dpt our lngugeD nd our wy of thinkingF portuE ntelyD we hve shown tht untum vogi is equivlent to glssil vogi when propositions ommute 7 @helmsE igoutsosD IWWUAF Principle 2 @logiA. ixpression should seek for lrE ityD omprehension nd logil soundness @ohereneAF hereforeD we must reson out nturl phenomen E ording to untum vogiF ul hir 8 ontended tht he only ojet of theE oretil physis is to lulte results tht n e omE pred with experiment F F F it is quite unneessry tht ny stisftory desription of the whole ourse of the phenomen should e givenF his sttement hs hd 5 IWUUD quoted y serome fernrd gohenD he xewtonin evoE lutionD gmridge niversity ressD IWVQF 6 o ese the formultionD in this pperD we prefer the djetive quntil to men quntum mehnilD insted of the noun quntumF yur intention is lso voulry uryD sine refE erene to qunt reD in some sesD merely historilF 7 e rell this de(nition hereunderD see nF PW nd PSF 8 gfF he riniples of untum wehnisD IWQHD pF UF gret in)ueneX physiists put gret lot of retive energy on uilding phenomenologil models nd theoE riesD ut lrgely negleted their interprettionF urelyD this is respetle metphysil reedD utD s surelyD it is sterilizing physil methodologyF epresenttions re psyhologilly inevitleD so we onsider etter opE tion to disuss themD nd to push them further to their extreme onsequenesF o del with interprettions is support for heuristisD support for retivity nd for innovtive optionsF e willD hereD mke sound hypothE esisD unifying vrious phenomenD ut perhps strnge in its onsequenesF ould experimentl tests e negE tiveD it would nevertheless provide vlule informtion on how to interpret untum wehnisF C. Suggesting a way out sn stronomy efore tohnnes ueplerD one oneived only elestil movements with irlesF por tht resonD theoretil stronomers designed the epiyles to underE stnd s irulr movement omintions wht were E tully ellipsesF odyD the nturl movement is onE eived s eing the inertil qlilen movementD so one tends to understnd ny movement in these terms " or ontemporry equivlentsX xewtonin grvittion is fllY iinsteinin grvittion is pthwy of geodesiF uintesseneD drk mtterD drk energyD etF mny of these notions reD quite ertinlyD ontemporry epiyE lesF sndeedD these notions hve gret phenomenl vE lidityD ut they do put hevy shroud of omplexity over the pitureF gn we not just put together some puzzle piees we know for surec por usD the fundmentl opposition etween the qunE til nd the reltivist representtions of phenomen is tht in untum wehnis @wA oordinte is meE sureD nd therefore it results from intertionsD wheres in the three eltivities @qlilenD peilD qenerlA oordinte omes under wht epistemology lls qod9s eye 9 X the possiility of n solute ojetivityF fut iinsteinEodolskyEosen @IWQSA @iA prdox sitE utions showed tht suh onept s qod9s eye nnot existD t lest for prtilesF eny ommon vision " not to mention theory " pretending to enompss these two representtions of the phenomen must solve this omE nipresent ontrditionF yne must mke hoie eE tween these two oneptionsF sn this pperD we will stik to experimentl evidene 10 X 9 pollowing rilry utnmF 10 he following priniple is not neutrlX sine oservtions re intertionsD experimentl evidene shows tht one nnot redue inde(nitely their e'etsF he relity n e independent from the oserverD in senseD ut nnot e independent from the oservtionF sn other termsD the methodologil relism nnot deny the t of oservtionF Principle 3 @mesureA. ell tht we know out nture @the phenomenA is known through our sensesF goordiE ntesD momentum nd the other physil quntities reE sult from mesure opertionsD nd therefore from interE tionsF e will suggestD in this pperD n interprettion of the energyEmomentum s displement of e'ervesene of suEquntil srum from whih the prtiles emerge " similrD in wyD to the virtul prtiles of unE tum (eld theories @psAF prom this e'erveseneD there emerges wht ould e interpretedD in reltivityD s oordinte densityD tht is lol inrese of the remoteness 11 mesures " ny distne mesure eing inE tertionsD ndD s suhD omptile in priniple with quntum interprettionF sf we dmit this visionD nd the oservtion tht grvittion is proportionl to the energyEmomentum normD inertiEgrvittion should opE erte t the level of the srumD nd not only t the level of the emerging prtilesF o seprte lerly these two levels of relityD we will rely on n interprettion of w we formulte in setion ssF henD in setion sssD we formlize n interprettion of inertiEgrvittion in this frmework nd suggest n experimentl test for our hyE pothesisF sn setion sD we explore some onsequenes of this hypothesisD suggesting new interprettion for drk mtterD osmologil in)tion nd grvittion weknessF

II. A UNIFIED INTERPRETATION OF QUANTUM PHYSICS

A. The measurement problem and the interpretations everl formlisms re ville to ope with quntum physis @tyer et lFD PHHPAF ine these re generlly onsidered equivlentD we will mostly use wve funtion formlismD ut our onsidertions re ment for ll of these formlismsF ristorillyD there is fundmentl methodologil disE tintion etween n oserved systemD quntilD n oE serverD onsidered lssilD nd mesuring proessD tht my e itertedD sed on oservlesD whih re minly lssil quntitiesF por tht resonD epistemologE illyD there re two lerly distint proesses 12 X qunE til or unitry periodsD during whih evolution is deE sried y hroedinger equtionD nd wve funtion ollpses or redutions or projetionsD tht serve s initil onditions for the future nd re linked to the pst y forn9s ruleD similr to n solute form of proilE itiesF 11 ee hereunder for the di'erene etween two types of distneX the remoteness nd the intervlF 12 on xeumnn9s proesses P nd I @von xeumnnD IWSSAF his divide is mjor epistemologil di0ulty nd hs rised gret del of dete on the mesurement prolemF sn generlD siene is the instrumented onE strution of n strtionD lled theoryD of the relity it oservesD lled its ojetY this strtion 13 tends to enompssD eventullyD the totlity of the ojetF sn the se of physisD n ojet ould e physil system onE sidered to e isolted @su0ientlyD or idellyAD nd potenE tilly the whole universeD everything tht surrounds usD ndD in ny seD experimentersF ixperimentl models hve to e surpssedD thnks to theoretil thinkingD in order to enompss themF ienti( disiplinesD to set up this pprohD usully dopt point of view lled methodologil relismD onsisting essentilly in ssumE ing tht there does exist n ojetive relity essile y experimenttionF sn wyD we hve systemtilly preE supposed methodologil relism in setion ID espeilly when we expressed our (rst three priniplesF ome uthors hve ojeted tht in the se of qunE tum physisD ojetivity does not existD in the sense tht ny experimentD whih is sujetiveD disturs the relE ity to e oserved 14 F sndeedD this mkes it more omE plex to integrte sujetivities into n ojetive wholeD ut there is no fundmentl ostle ginst itX this is very ommon in the humnities nd soil sienesD for exmpleF roweverD one should e utiousF st is notD in generlD possile to estow truth vlue to ny vulE gr propositionD like the eletron pssed y the left slitY ndD more generllyD there is nothing like propositionl qod9s eyeF fut every experimentl proposition does hve truth vlue @for exmpleD the proposition L n eletron ws mesured to pss through the left slit hs mening nd truth vlue @if no experimentl test hs tken pleD then L is just flseAF yur priniple Q is tool to nhor (rmly ny disussion in methodologil relismF fut there is notherD deeperD di0ulty with relismD iFeF superpositionF sn irwin hroedinger9s pprohD fundmentl ftD onsistent with priniple PD is tht when |χ nd |ψ re solutions of the hroedinger equE tion of systemD then ny normlized liner ominE tion of them is lso solutionF hree min lsses of interprettions for the formlism im t overoming this di0ultyX the gopenhgen shool interprettions @xiels fohrD erner reisenergAD the pilotEwve theories @vouis de froglieD hvid fohmD tohn fellA nd the mnyEworld interprettions @rugh iverettD frye F heittAF eording to the gopenhgen shool interpretE 13 o outlineD to strt is to retin some qulitiesD some feturesD of the ojetD nd disrd othersF 14 his is espeilly the se ifD insted of n epistemologil de(E nition of ojetivityD we onsider physil oneX eing invrint y hnge of oservtion onditionsF S tions @gsAD following fohr9s idesD ny mesureE ment opertion determines stte of the systemD prepres it for future mesurementsD nd de(nes its wve funtion for lter evolutionF ih meE surement tulizes the possiilities of the systemE oserver @inseprleA oupleF sn the pilotEwve interprettions @sAD the sysE tem is desried y wve funtion @the pilotE wveA nd y prtiles @fohmAD or singulr wves @de froglieAF ilotEwve nd its evolution deE srie ll the possiilities for the systemD nd n ojetive proility for eh outome of meE surementF sn eh mesurementD prtiles revel whih possile outome hppens to e relD whih possiility omes trueF eny of these prtiles my hve some sort of historyD not neessrily lssiE l sine there my e some nonElol phenomenY ut this history is only knowle t the time of the mesurementF hird tegory interprettionsD usully lled mnyEworld interprettionsD following iverett9s idesD refrin from giving greter importne to one stte over notherF he (rst pproh is ivE erett9s reltive stte interprettion @sA @ivE erettD IWSSD IWSUAF enother is wht ov fenE hov @IWWHA lls populr mnyEworld interpretE tion @wsA " extremely populr indeedD nd genE erlly mistken for it 15 F sn these interprettionsD the di'erent solution sttesD iFeF the di'erent possiE ilitiesD the di'erent possile evolutions of the sysE temD re s rel s one notherF he mesurement experiment only provides the oserver with prtil informtion reltive to his point of viewF ell verE sions of the oserverD who my e thought of s living in prllel universesD hve their own reding of the reltive sttes of the oserved systemF heses interprettions hve n dvntge nd re hlE lengeX the oserver s well s the oserved system must e tken together in the sme possile world modelsF sn these three interprettion lsses there is some notion of possiility nd some notion of relityF glerlyD the ltE ter is very di'erent etween the lssesY moreoverD there is dete out wht relity is mong pilotEwve interE prettions nd mong mnyEworld interprettionsF uh disussion is not the purpose of this pper " muh 15 ee fenEhov @IWVVA for n historil presenttionF ws emerged with frye F heitt reformultionD in the IWUH9sD putting s in the kgroundF et the quntil levelD heitt reformulE tion is not oherent with w resultsD fF fenEhov @IWVVA espF pF IHTF xeverthelessD due to deohereneD heitt reformultion isD in prtieD onvenient t the mrosopi levelF hs lredy een written on tht mtterF e shll only fous on ommon spets to suggest ommon modelD espeilly the notion of possiilitiesD whih seems more unequivolF ell visions of untum wehnis shre ommon priniple out these possiilities 16 X Principle 4 @superpositionA. ossile outomes of n intertionD possile solutions of system9s equtionD nd supposedly possile worlds re vetor spesF sn other wordsD liner omintions of possile sttes re possile sttesF e will now ome loser to this notion of possiility nd de(ne refully the onept of possile worldF yn this sisD we shll uild ommon interprettion to e used lter on s frmework to del with inertiE grvittionF feforehndD we need to onsider usul di0ulty opE posing priniples R @superpositionA nd I @prsimonyAX the ojetivity hllengeF B. The objectivity challenge ith priniple Q @mesureAD we hve knowledged the ft tht oservtion proesses re intertions ndD thusD nnot e solutely neutrlF his rises up di0ulty on how to pply quntil models to the whole universeF he (rst historil minstrem interprettions of wD the gopenhgen shool interprettionsD foused on oE served systemsD SD nd mny of theseD in one wy or notherD denied the relevne of the pplition of w to oserversF erner reisenerg @IWSVAD for exmpleD mkes the se tht quntum systems integrte oth the oserver nd the oservedX they nnot e seprted 17 F por these interprettionsD quntum theory is only pheE nomenl nd nnot e generlizedF etrospetivelyD this sitution n e seen s lk of mesure theoryF prom n epistemologil point of viewD we then hve two theoE retil frmeworksX one for @quntilA oserved systemsD one for @lssilA oserversF es (rst stepD this ws onE venientD ut it is now insu0ient to enompss phenomE en like deohereneD whih systemtilly involves the environmentD EF here is lso need to get rid of the epistemologil dependene of w on lssil physisF hysil works on this mtter go k t lest to tohn von xeumnn9s qrundlgen @IWQPA showing tht qunE til proilities redue to lssil ones in mesureE ment experimentD long wht is now lled the von xeuE mnn hinF xowdysD works on deoherene nd lsE sil pperne of ntureD follow this reserh pth 16 e neglet here normliztion onsidertions in formultionF 17 oD to e extD gs denied pplition of w to oserver per seF ine the system nd the oservtion pprtus were onE eived inseprleD w preluded pplition to the mrosopi relityF @urekD IWWID PHHQAF e will suppose here tht the deE oherene phenomen re well knownD ut let us emphE size tht it does not solve per se the ojetivity hlE lengeD nor does it onstitute n interprettion of wF st seems orret to spek of deoherene s mking wveE funtion evolve rpidlyD resulting in its digonliztion on pointer sis for n experimentl system @t lest for pedgogy or heuristisA @urekD IWWIAF fut it is nonE sense to spek of the pointer sisD not to mention the pointer sis of the universeF sndeedD in some situtions superposition ontinues on mrosopi time sleX if we tke mirosopi spets into ountD pointer ses do not ommute 18 F sndeedD one nnot onsider the uniE verse s eing lssil exept for some periodsGplesF sn mny sienesD ojetivity rises from rossing suE jetivitiesF rugh iverett hve een the (rst to dE dress this prolem physillyD nd not only philosophiE llyF re notes @iverettD IWSSA tht intertions S • O 1 D iFeF (rst oserver @O 1 A pprtusD re phenomen for seond oserver O 2 @ 19 AF eording to iverettD one must e le to nlyze experimentl oservtions s inE tertions etween systemD SD n oserverD O 1 D ndD possilyD n environmentD EF woreoverD oherent meE sure theory must ount for intersujetivityX if there is seond oserverD

O 2 D reiprol oservtions must e reonille @O 2 from O 1 nd O 1 from O 2 AF re disusses (E•)S • O 1 • O 2 s fundmentl
prolem nd nswers it with reltivist rtionleD iFeF the reltivity of sttesF st is importnt to emphsize tht iverett resorts to the usul wve funtion formlism of w 20 D from the viewpoint of seond oserverF yn this sisD he de(nes the quntil reltive informtion nd the reltive stte funtionsD nd proves evolution rules from whih he n derive usul mesure oservtions in oherent wyF ehnillyD iverett relies only on w to dedue his reltive sttes theoremsD ut this is not su0ient to found n interprettion @sA nd to ssert tht ll reltive sttes re eqully relF por thisD we need methodologil priniplesF por someD priniple I @prsimonyA would e enoughX physil theory should desrie not only the oserved system SD ut lso the environment ED nd the oserversD iFeF the experimentl pprtus OF fut for othersD speilly the gopenhgen interprettion followE ersD there is oneptul impossiility hereF o we will set up n dditionl priniple 21 F e disuss n exmple t end of setion ssFgF he question of the onsisteny of the sheme rises if one onE templtes regrding the oserver nd his ojetEsystem s sinE gle @ompositeA physil systemF sndeedD the sitution eomes quite prdoxil if we llow for the existene of more thn one oserverF @iverettD IWSSD pF RA re himself insists tht he uses only pure wve mehnis @ivE erettD IWSSD pF WU eFgFAF e quote iverett @IWSSD pF VHAF Principle 5 @ojetivityA. yservers re oservle sysE tems nd oservers who hve seprtely oserved the sme quntity will lwys gree with eh otherF his epistemologil prinipleD tht llows generl pplition of quntum theoryD is lso fundmentl to fully endorse the hypothetioEdedutive method 22 F st is lso mens to onform to the psyhoEphysil prlE lelism dvoted y tohn von xeumnnX it is fundE mentl requirement of the sienti( viewpoint F F F tht it must e possile so to desrie the extrEphysil proE ess of the sujetive pereption s if it were in relity in the physil world @IWSSD pF RIVA@iverettD IWSSD pF UD itFAF o e more spei(D iverett9s fundmentl point is tht in n intertion systemEoserver pirD S • O 1 D will eventully evolve @iverettD IWSSD pF SRA up to point where the reltive system sttes eome pproxE imte eigensttes of the mesurement @iverettD IWSSD pF SWAF sf |L nd |R re oserver @iFeF pprtusA sttesD if |l nd |r re the orresponding system eigenE sttes for the mesureD nd if S is efore the intertion in the superposition stte dues @induesA theories to sum up ll oserved experimentl fts @nd potentilly oservle onesD y n hypothesis of regE ulrityAD wheres the hypothetioEdedutive method strts with hypothetil theoriesD dedues experienele fts nd onfronts them with experimentsF 23 ome uthors rgued tht not every sitution will evolve this wyF his is trueY it is not neessry to suppose tht suh S • O sysE tem will lwys evolve tht wy " tht is tht S • O eigensttes re tensor produts of S nd O sttesF iverettD indeedD only onsiders tht it does when the intertion is mesurementF por our purpose hereD it is su0ient to onsider ses where S evolves with OD ording to O9s eigensttesD nd ept the experimentl ft tht when it does soD it does so ording to forn9s ruleF hy universe evolves tht wy nd why lssil eigensttes re seleted is nother question we shll not disuss hereD see urek @PHHQAF of possile worldsF he oserverD in wyD exists in two versions tht nnot exhnge informtionD in ivE erett9s frmeworkF fut wht does the word possile men preiselyc here is lot of onfusion out this in the litertureF sn mny redings of sD espeilly in wsD possile mens imginleX there would exist possile world for ny nd every imginle situtionD for exmple possile world in whih this pper would egin with the word theF his is undue extrpoltionX physis knows nothing out itF xo experimentl eviE dene suggests suh possiilityF o disuss this more onsistenlyD we will need n unmiguous voulry for possile worlds 24 F sn logiD formlism exists to del with possiility @nd neessityAX modl logiF xeverthelessD lssil modl logis will e of no useX we need here quntil logiD ording to priniple P @logiAF sn @lssilA modl logE isD one de(nes possiilities with @iA setD the modelD eleE ments of whih re possile worlds " we will sy potenE til worldsD @iiA reltion of stisftion etween worlds nd propositions @or sttementsAD nd @iiiA reltion of essiility etween worlds whih desries wht worlds re possile from the point of view of nother worldF e shll similrly de(ne untum wodl vogiF yne n de(ne untum vogi system with lgeE r s n orthomodulr lttie 25 @firkho' nd von xeuE mnnD IWQTAF yne n lso follow syntti pproh using dedution @helmsEigoutsosD IWWUY qiinsD IWVSD eFgFAF sn ny seD one n oneive untum vogi s eing the struture of suErilert spes of rilert spe in the sme wy s foolen logi is the struture of susets of set 26 F sf we wnt to stik to physisD simple proposition is sttement tht fter spei( exE periment spei( oservle lies within spei( rnge of vluesY for exmple detetor I hs mesured n eleE tron with speed less thn 10 m.s -1 or photon spin in the diretion -→ n ws mesured s positiveF ltimtelyD simple propositions re lwys yesEno sttements nd lE wys out n oservtion t spei( momentF ehE nillyD one n model proposition L =prtile goes iverett is very utious out tht nd in @iverettD IWSSAD he never uses the phrse possile worldD ut only rnhF e lttie is prtilly ordered @ A set in whih every two eleE ments hve supremum @∨A nd n in(mum @∧AF st is orthoomE plemented if there is lest element @0AD gretest element @1A nd n involution reversing orderD the orthoomplement @• ⊥ AF st is orthomodulr if a b implies a ∨ (a ⊥ ∧ b) = b @firkho' nd von xeumnnD IWQTAF yne n lso de(ne orthomodulrity sying a b implies tht a nd b ommute or re omptile @a bA @helmsEigoutsosD IWWUAF sn this formlismD 0 is flseD 1 is truthD order @ A is onsequeneD supremum @∨A is disjuntion @orAD in(mum @∧A is onjuntion @ndA nd orthoomplement @• ⊥ A is negtionF e theorem y gonstntin iron @IWTRA shows tht ny (nite or denumerle untum vogi system n e represented in projetive geometryD nd thus s suEspes of rilert speF through the left slit either y suErilert speD LD or y its orresponding projetion opertorD LF ith the oneEdimensionl simpli(tion frequently used in pedE gogi writingD L = |left left| nd L = C |left F gomplex propositions omine simple propositions y onjuntion @ndAD disjuntion @or QL A nd negtionF gonjuntion is the intersetion of spesX A ∧ B = A ∩ BF until disjuntion is the sum of spesX A ∨ B = A + BD iFeF ll liner omintions of elements in A ∪ BF until negtionD ontrry to the lssil oneD is not only flse onjuntionD ut orresponds to n orthogonl suEspeD L ⊥ Y so there re mny wys for stte to stisfy neither proposition nor its negtionF por exmpleD in douleE slit experimentD the left nd right propositions re exlusiveD mening L ⊥ RD so the L nd R propositions re negtion of eh otherF sn inglishD one n sy tht the prtile goes either through the left slitD or through the right slit " with n exlusive orD ut quntil or3 sf we onsider whole timeline of the universeD ψ : t → |ψ(t) D the oserved system my stisfy lot of propoE sitions tht n e ontrditoryY onsiderD for exmpleD the following historyX the photon hs spin up in the diE retion -→ n 1 D then it hs spin up in the diretion -→ n 2 D then it hs spin down in the diretion -→ n 1 F o it is importnt to index propositions ording to timeD whenever forE multions n e miguousX the photon hs spin up in the diretion -→ n 1 t time t 1 D then the photon hs spin up in the diretion -→ n 2 t time t 2 D then the photon hs spin down in the diretion -→ n 1 t time t 3 27 F fy de(nitionD wve funtion ψ stis(es proposition P onerning time tD if P |ψ(t) = |ψ(t) orD equivE lentlyD if |ψ(t) ∈ PY one writes ψ P F gn one onsider ll sttes in HD the totl referene rilert speD s eing potentil worldsc roly yesD in very simple pedgogi exmples where we use only few dimensions nd very short historiesY proly notD in the generl seX eh oservtion t lest doules the neessry dimensions of HD so ny whole timeline my led to dimensionl omE plexitiesF estritions my need to e pplied in the fuE tureD utD for strtD we de(ne potentil world A to e nonEzero suErilert spe of HF trting from thereD we will restrit the use of the term potentil to this preise modl meningD nd leve possile to generl or inforE ml useF e sy tht A stis(es proposition P or tht P is true inside AD nd we write A P D if ny |α ∈ A stis(es P D exept perhps for some zeroEmesure suE speF es for iverett @IWSSAD potentil world W will generlly e expressed s reorded historyX oservE tion I mesured vlue a for AD oservtion P mesured vlue b for BD etF 28 F vet us imgine we dd new oE V servtion to WD for exmple X with two vlues + nd -Y this oservtion determines two suEspesX X + ⊥ X -D with W = X + ⊕ X -F sn suh seD we sy tht X + nd X -D nd more generlly ny other suErilert spe of nonEzero mesure nd nonEzero orthoomplement Y is essile from WY we write W YF he essiility reltion n e thought of s the logil identity of pst oservle intertionsY in @iverettD IWSSA it orresponds to shred utomti pprtus memoriesF sn wsD it orE responds to world split @ut this is not tehnilly preise expressionAF es usully in modl logiD we sy tht P is neessry in WD W |= P D if ny world essile from W stis(es P X ∀X W, X |= P F fy onstrutionD if W |= P D then W |= P D nd reiprollyF e nD similrlyD de(ne tht P is possile in WD W |= ♦P D if t lest one world essile from W stis(es P X ∃X W, X |= P F sn our exmpleD W |= ♦"X = +"D W |= "X = +"D nd W |= "A = a"F yne lwys hs A P ∨ P ⊥ D utD in generlD potenE til world my stisfy neither P nor P ⊥ X orresponding oservtions my not e possile for experimenttionF o A |= P does not implyD in generlD tht A |= P ⊥ D even when A is oneEdimensionlF sn lssil modl logisD neessity nd possiility re dulX ♦P is equivlent to P ⊥ ⊥ Y this is not trueD in generlD in untum wodl vogiF xeverthelessD in se where A nd P re omptE ile @A PA 29 D A |= P is equivlent to A |= ♦P ⊥ @ 30 AF xote tht untum wodl vogi is only formlismY it does not ruleD in generlD wht is nd wht is not possiilityF xeither does the rilertin wve funtion formlismF ynly the experimentl register n give us lue out wht possily hppens nd wht nnot hpE pen when there is no oservtionF xeverthelessD one n use these models to mke onept @not only notionA of oserver expliitF pollowing iverett @IWSSAD one n de(ne n oserver s reord of oservtion memoriesF en oserver O resides in potentil worldD ut not only oneX when O resides in PD mening P stis(es ll his prohD despite similritiesD is fundmentlly di'erent from the onsistent histories of oert qriffiths nd olnd ymn es or the deoherent histories of wurry qellEwnn nd tmes fF rrtleX oth re essentilly tthed to glssil vogiF e will not go further on this mtter hereY it would need more deE velopmentF 29 ith @helmsEigoutsosD IWWUAD let us de(ne sn our untum wodl vogi formultionD potenE til worlds orrespond to iverett9s rnhes @iverettD IWSSAD iFeF orrespond to sets of prllel universesD nd not to individul universes of ws 31 F xote thtD in ny seD this prllel universes @wsA formultion n e useful t mrosopi levelD ut it is inorret t quntil levelD s noted y ov fen hov @IWVVA nd fernrd d9ispgnt @IWWRAF por exmpleD onsider n experiment mesuring n eletron spin in the diretion -→ n 1 X this leds to worlds S + 1 nd S - 1 F xeither of these worlds n e oneived without superpositionX in eh oneD one n dd mesure of spin in new diretionD -→

a |l + b |r D with |a| 2 + |b| 2 = 1D then S • O 1 evolves eventully to the orrelted stte a |l ⊗ |L + b |r ⊗ |R @ 23 AF prom |L version of O 1 D @relE tiveA stte of S is |l D wheres it is |r in the |R version of O 1 F roilities re |a| 2 nd |b| 2 D respetivelyD
E•F = E∩(E ⊥ +F )D the projetion of F on ED nd de(ne E nd F to e omptileD E F D yX E • F = F • E ⇐⇒ E • F = E ∩ F ⇐⇒ E • F ⊆ F def ⇐⇒ E F . 30 roofFE sf A is potentil worldD if P is proposition nd P the orresponding suspeD nd if A PD then A = A•P+A•P ⊥ = A ∧ P + A ∧ P ⊥ F sf
n 2 D not prllel to -→ n 1 Y S + 1 is superposition of the two esE sile worlds S + 1 + 2 nd S + 1 - 2 F o
s nd untum wodl vogi re oherent with prllel worlds populr forE multionD ut only if one is utious enough not to (gure these worlds s eing in foolen disjuntionF sn prtiuE lrD one nnot enumerte the essile potentil worlds in generlF es stted y tenEwr v¡ evyEvelondX from the point of view of the universeD there is only one world 32 F yne nnot ount potentil worldsD utD stillD if we reson reltively to some glol wveEfuntionD we ene(t from onditionl proilities for reltive sttes @iverettD IWSSAY this provides us with quntil proilE itiesD similr to lssil @uolmogorovA ones " ut not to e onfused with them 33 F hese proilities provide mesureD iFeF forn9s oe0ientsD whih we will use lter in this pperF ith our now forml voulryD let us ome k to our initil questionX from inside potentil worldD n we get to know something out lterntive worldsc 31 gloser to hvid heuth pprohD see @fenEhovD IWVVAD pF IIQF 32 he mny worlds ide ws gin is leftEover of lssil oneptionsF he oexisting rnhes here F F F n only e relted to worlds desried y lssil physis F F F o meD the deep mening of iverett9s ide is not the oexistene of mny worldsD utD on the ontrryD the existene of single quntum oneF @fenEhovD IWVVD itF pF UWA 33 url opper @IWSWA lso noted this similrity nd founded on it his propensionl interprettion of quntil proilitiesF re lso rgued tht stistil interprettion is not suitle for itF gontemporry reder would proly e more onfortleD on this mtterD with fell9s inequlities violtion rgumentsF W D. Qubals and sub-quantical framework vet us e more preiseF smgine we re in world W nd we set up n experiment leding to two potentil vlE uesD for exmple yes nd noF xote tht we sy here potentil vlues nd not imginle vluesX there re two potentil worlds A + nd A -D oth essile from WF e im here some hroedinger9s tElike experimentD ut without its omplexityX in irwin hroedinger9s trditionl mind experiment @hr¤ odingerD IWQSY heeler nd urekD IWVQD itFAD the oserver my ontemplte the e'et of disintegrting sustneD fter ertin period of timeD so this mind experiment integrtes the e'et of mny di'erent independent toms " we re here in sitE ution of mixture rther thn superpositionF iven if we re ontent with unique tomD there my e omplex intertions nd if the oservtion is yesEno experiment t the mrosopi levelD we re not lwys sure it is lso the se t the quntil levelF he physil desription is omplexD nd the disussionsD physil or philosophE ilD re often very onfusedD sometimes even nonsenE sil 34 F e need more unequivol situtionsF o e resonly sure the imginle lterntives orrespond e'etively to potentil outomesD we will fous here on very simple experimentl protoolsD similr to the ones used to experiment upon the i prdoxD for exmple the spin of orrelted photon pirsF e n lso imgineD for exmpleD mesure of spin of photon in diretionD following mesure in n orthogonl diretionF vet us ll suh sitution quntil inry simple lterntive " ufelF st is importnt here tht unertinty should e of quntil origin nd not of sttistil origin @there should e no mixtureAD lso tht it should not e disE tured y n environmentl deoherene " in senseD quls re nomlies sine in most experimentl situE tions the deoherene mkes suh lterntives dispper very quikly long the von xeumnn hinF ypil quitsD quntil inry digitsD seem to e good ndidtes to provide qulsD quntil inry simE ple lterntivesF he di'erene etween the two is tht we will hve here no use of the quit phseD norD s mtter of ftD of its vlueF here is lso prtil difE fereneX the qul is situtionD n experimentl frmeE workD wheres one now uses the word quit minly for tehnil deviesF sn sitution where we relly hve quntil inry lterntive @ qulAD we hve two essile worldsD X + nd X -D eh one hving nonEzero proilityD ordE ing to forn9s ruleF sn tht experimentl ontextD our question is nowX if we re in X + D n we know nything of X -@if we follow sA orD simplyD does X -exist or not 34 rue or flseD legend reports tht tephen rwking sidX hen s her of hroedinger9s tD s reh for my gunF his is disonerting visionD utD sure wy to end the rgumentF @in sD it does notAc sf we stritly follow iverett9s frmeworkD the nswer is strightforwrdX we nnotF xo informtion n go from one world to n inessile oneF ould this e (nlD we ould not settle etween s nd sD nd the hoie would e essentilly mtter of personl onveniene " one9s metphysil preferene 35 F fut iverett relied only on pure untum wehnisD nd w is not (nl s desription of ntureY notlyD we still seek for frmework integrting wht we know of the quntil phenomen nd wht we know of inertiE grvittionF ht ould e (ner desription of relity thn w " suEquntil theoryc wny options lredy existD in mny vritionsD of di'erent sttus nd of di'erE ent extensionD espeilly quntum (eld theories @psAD utD t the time writingD none is universlly doptedD nor ompletely stisfyingF e onvenient future theory will proly hve to lter some spets of w or perhps dd some othersF vet us e onjeturl nowD nd omine priniple R with mny physiists9 insight of quntil prtiles s the superposition of virtul prtilesF uite generllyD these virtul prtiles follow peynmn9s pths oneptions @IWRVY IWRWAD s mens of omputtion or s heurisE ti representtion for quntum (elds theories 36 X these virtul prtiles re ment to enompss ll possiiliE ties within mthemtil modelF sn our ttempt t theoryD let us onsider only potentil prtilesX prtiE les existing in potentil worlds essile from quntil prtile worldsF hese potentil prtilesD ginD re neiE ther imginle prtiles nor virtul prtiles of model or notherY these re oneived s physilD nd hopeE fully experimentleF xoteD howeverD tht their potenE til worlds my not e quntil potentil worldsD ut only suEquntil potentil worldsD tht might not e essile to diret experimenttion @we will ome k to tht mtter hereunderAF otentil prtilesD surelyD do hve properties very di'erent from those of quntil prtiles " in the sme wy s omplex ions in solution my hve very di'erent properties from re ionsF por exmpleD if mss is n emerging propertyD one n imgE ine thtD hving no mssD ll potentil prtiles propE gte t displement pe cD wheres quntil prE tiles n e mesured t vrious veloity mgnitudesF hysis for suEquntil level hs to e theorizedY it my e extremely di'erent from quntil nd mrosopi onesF et the suEquntil level of desriptionD there 35 wny uthors disuss this preferene sed on version or nE other of the prsimony prinipleD ut their onlusions re very formultion dependent nd did not hieve to onvine lrge udieneF por this resonD we hose methodologil formultion of our priniple ID nd im for no metphysil use of itF 36 irtul prtiles n lso e seen s mthemtil rti(e to represent (eldsD similrly to ruygensEpresnel prinipleD see eFgF @peynmnD IWRVD espF seF UAF my e nothing like speEtime we re used toD utD perhpsD only ontiguity nd onseution reltionsF he hroedinger9s eqution t the quntil level might just e the resultD y symmetryD of the superposition of numerous @perhps in(niteA potentil intertions of poE tentil prtilesF @ 37 A por more thn entury nd hlfD (elds hve een very fruitful onept of physisF qenerl eltivity @qA nd quntum (eld theories @psA mde it prime onE ept of tody9s physisD pivotl to mke wve nd orE pusulr ehviors onverge " (elds overtking lssil wvesD nd orpusles eing qunt of these (eldsF his pproh hs led to new understndings nd new wys to onsider prtilesD espeilly with qusiEprtiles @gooper pirsD phononsD holesD etFAF futD wht re these (elds E tullyc ere they physil ojets or merely theoretil rei(tions of physil reltions 38 c pields represent in(E nite numers of degrees of freedom " even ontinuous in(nite numer @ 1 = 2 ℵ0 AD for exmple in the form of pok speF ht ould this men physillyc e will suppose here tht ll (elds emerge from potentil prtiE les 39 F he reder n onsider this s rel @s hypothE esisAD or t s if nd onsider this s mere heuristisF ine pure untum wehnis phenomen nnot distinguish etween s nd s nd does not llow informtion to go from one potentil world to nother inessile worldD we will now onsider nother optionD within our onjeturl suEquntil frmeworkD relying on grvittionF

III. INTERPRETATION ELEMENTS FOR GRAVITATION

e will not unify qenerl eltivity @qA nd unE tum wehnis @wA hereD ut our frmework n help sketh out some spets of merged theoryF st ould ertinly not e something like GR ⊕ QM @metphorE illy spekingAD sine mny phenomen re on the fringe of oth pplition dominsD even in our ner phenomeE nl environmentF oD mny uthors re rther serhing for something like GR ⊗ QMX this line of reserh is ppeling nd somehow generlD ut it does ssume tht yther uthors proposed similr hypothesisD following hydrodyE nmil interprettion of w @wdelung )uidAD notly fohm @IWSUD pF QQAD presenting quntum prtile s ondenstion of suEquntil )uidD see @fenEhovD IWVVD pF IWHAF fy rei(tion of reltion we men onstituting s n ojet wht is relly reltion etween ojetsX for exmple the xewtoE nin grvittionl potentil of ody M is rei(tion of the grvittionl fore etween M nd test msses @rel or virtulAF xewtonD relied on fores for its mehnisD ut prevented re)exE ion out their ntureX hypotheses non (ngoF sn IWQT iinstein @gohenEnoudji nd piroD PHIQD itFD pF RUIA rgued we should found physis theory on (eldsF rere we reD nowD with very efE (ient toolsD ut gin not forging hypotheses out itF erhps re we in time to uild other toolsF fundmentl phenomen of one theory re not lredy onsequenes of the otherF e shll disuss this pointD relying (rmly on hroedinger9s linerity @priniple RA nd some experimentl ftsF sn the serh for suh n integrtionD we immeditely enounter oneptul di0ultyD well summed up y hvid fohmX sn reltivityD movement is ontinuousD uslly determinte nd well de(nedY while in quntum mehnis it is disontinuousD not uslly determinte nd not well de(ned 40 F yne ould dd tht w dels with prtiles of no dimensionD while q diverges on puntul odiesD deling rther with densitiesF glerlyD mere rpprohement would led nowhereF e need to hve look t ore oneptsF A. Emergence of Special Relativity 1. Relativity without rods and clocks rowrd oertson @IWRWA showed tht peil elE tivity @AD nd thus grounds for qD n e dedued from some generl postultes nd three experimentl ftsF e will follow his resoning ut redue its hyE pothesesD to enfore our previous priniplesF ris (rst postulte is tht there exists referene frme " iinstein9s restEsystem9 " in whih light is propE gted retilinerly nd isotropilly in free spe with onstnt speed cF he notion of referene frmeD with strt rods nd loks isD in generlD inomptile with our priniple QX no mesure exists in strtoD ut one n dpt oertson9s postulte without impiring his resoning 41 X Principle 6 @referene oserver A. en oserver O existsD for whihD in free speD light propgtes retilinerly nd isotropilly t onstnt veloity cF oertson @IWRWAD thenD postultes the existene of referene frme F F F " iinstein9s moving system9 " whih is moving with ny given onstnt veloity F F F with respet to (rst referene frmeD lso supplied with strt rods nd loksF e will disregrd this postuE lte nd only suppose tht we n oserveD in moving sysE tems SD reltive remoteness nd reltive durtionD s n pplition of our priniple QF foth re evluted from intertions internl to SD ut outomes of these meE sures n e tred from the outsideD OF rereD note tht the remoteness nd durtion re spe nd time distnes 40 hvid fohmD holeness nd the smplite yrderD IWVHD xvF 41 ssotropy nd onstny of light speed is one of the est veri(ed ftsD up to IU orders of mgnitude @iisele et lFD PHHWAD stillD we stte it s prinipleD not merely s ftD sine we need to postulteD t lest methodologillyD referene oserver @not neessrily uniqueAF t the mrosopi nd quntil levels for SY one n spek lso of oordintesF heir mesure emerges from suEquntil mehnismsD nd therefore n hve struE tures very di'erent from those of suEquntil ontiguE ity nd onseution intervlsF por speedD we will use the terms veloity nd rpidityD s usulD for the mrosopi nd quntil phenomenY t the suEquntil levelD we will spek of displement pe @tle sAF ipistemologiE llyD in strit pplition of priniple QD this mens tht we do not neessrily view mtter s eing in speEtimeD ut merely s hving oordintesD s desriptive qulities @emerging qulitiesD s we shll seeAF mrosopi G quntil suEquntil position in speEtime plement in suEspe nd time remotenessD durtionD oordintes intervl @of ontiguity nd onseutionA veloityD rpidity displement pe le s voulry for usul quntities e know nothingD yetD out suEquntil intervls nd displement pesF es fr s we knowD the suE quntil spe @the suEspeA my e ontinuousD even iulidenD or my e gridD networkD or merely relE tionD with the intervl reltion hving emerged y some sort of geometriztion mehnism l erelmn 42 F e will not suppose muh more on tht mtter nowY utD with the two previous postultesD we shll suppose the phenomen regulr enough so tht oordintes re ner iulidin nd lol trnsformtion n e linerly pE proximtedF oD with oertson @IWRWAD let us suppose S is movE ing t veloity c -→ β nd use lever xis representtion @movement long x xisD espeillyAY the trnsformtion hs @lollyA the following formX

Λ β =     a 0 βa 1 /c 0 0 βa 0 c a 1 0 0 0 0 a 2 0 0 0 0 a 2     .
@IA he (rst ft to determine Λ β is the wihelsonE worley type experimentsD in SX Fact 1 @wihelsonEworleyA. he totl time required for light to trverseD in free speD distne l nd to return is independent of its diretionF 42 qrigori erelmn uses iiErmilton )ow to homogenize the metri on mnifoldsD nd proves tht ny QEdimensionnl mniE fold n e geometrizedF yne n imgine similr mehnism to mke the lol suEspe intervl reltion uild up from n initil simple unstrutured ontiguity reltionF sf we suppose this ft to e generlD one n onE sider light em mking ny ngle from the x xisD nd then one (nds the vorentzEpitzgerld ontrtion s onsequeneX a 2 = a 1 /γ " with vorentz ftor γ = 1 / √ 1-β 2 F henD oertson @IWRWA dds uennedy nd horndike experimentl result sX he totl time required for light to trverse losed pth in referE ene frme is independent of the veloity of this frme reltive to (rst referene frmeF he importnt thing is tht we do not need to suppose c onstnt in SD ut simply dedue it from eing onstnt in OF e will stte this experimentl result sX Fact 2 @uennedyEhorndikeA. he totl time reE quired for light to trverse losed pthD s experiened from system SD is independent of the veloity of S reltive to OF pollowing oertsonD ginD one (nds tht a 0 = a 1 = γg β nd a 2 = g β F iventullyD one my onlude tht Λ β is vorentz trnsformtion @g β = 1AD if we dd third ft " iFeF the sves nd tilwell experimentsX Fact 3 @time diltionA. he frequeny of moving tomi soure is ltered y the ftor 1/γ reltive to the veloity of the soure with respet to the oserverF his ft mkes use of two reltively moving oserversD ut this n e interpreted oherently with our priniE ple QF oertson wnted to show tht one n reple the greter prt of iinstein9s postultes with (ndings drwn indutively from the oservtionsD ut our smll reforE multionD hereD shows more generl ftF sn ny theory oeying our postultes nd oherent with these three exE perimentl ftsD lol oordintesD mesured from sysE tems moving t onstnt veloity for referene oserverD should e trnsformed ording to vorentz trnsforE mtionD t lest for liner pproximtionF es onsequeneD ny suEquntil theory from whih one ould derive these fts would e oherent with nd would hve lolly winkowskin metris @with linE er pproximtionAF vet us now speify our ttempt t theoryF xext setion will e essentilly speultiveF 2. Special relativity emerging from potential particles ome luesD minly from ontemporry theoriesD esE peilly due to renormlisility questionsD suggest tht suEquntil potentil prtiles should e thought of without inertil mssF he ltter would e E quired through oupling mehnismF resent reserh fvors the froutEinglertEriggsErgenEqurlnikE uile @firA mehnismD iFeF intertion with fir osonsD with some reent experimentl support @eve ollortionD PHIPAF e will not rely on the fir theE ory utD in oherene with itD let us only suppose ll suEquntil potentil prtiles re msslessF eordE inglyD ll of them hve displement pe of the sme mgnitude @in some sort of suEspeEtimeAF fetween two intertionsD the displement pe of potentil prtile is uniform nd hs spei( diretion 43 F oE tentil prtiles move like idel nonEinterting photonsD wheres quntil prtiles do engge in intertions in di'erent potentil worldsD nd so orrespond to superE positions of potentil prtilesF he less photon interE tsD the loser the men displement pe of its suE perposition will eD in mgnitudeD to the ommon peF oD if we suppose tht veloity ounts for some sort of men displement peD light with minimum interE tion will lwys hve the sme veloity mgnitudeD cD whih we n identify with the only displement pe mgnitude of potentil prtiles @to ftor 44 AF sf the suEspeEtime is supposed isotropiD this would lso E ount for priniple T nd ft IF xote tht we presuppose no suEquntil notion of inerti or reltive motionX on the ontrryD ll displements our t sme peD nd ll intertions emerge from omintion nd emission of suEquntil potentil prtiles in diverse diretions 45 F his ounts for ft PF por ft QD we need to e more preise in our hypotheE sesF vet us imgine tht the veloity of quntil prE tile is some sort of men displement pe of potentil prtilesF por @set ofA potentil prtile@sA pD let us note ν p its quntity nd -→ n p its displement pe diretion 46 D oth opertors on quntum sttesF por potentil prtiE les prtiipting in quntil system SD let us de(ne men peX

-→ β S = p∈S ν p -→ n p p∈S ν p .
@PA e suppose it to e retilinerD for nowD ut geometry of suE speEtime my pper to e more omplexF his is only for supporting understndingD sine we hve no E ess to ontiguity intervls independently of onseution interE vlsF e ould s well onsider displement pe mgnitude to e 1 nd stte the ontiguity intervl to e extly the onseuE tion intervl etween two events diretly onneted y potentil prtileF por tht resonD we use the sme term intervlD for oth spe nd timeF por potentil prtilesD there n proly e no notion of trjetoryX sine quntil prtiles of the sme type re indisE tinguishleD iFeF logilly identilD so should e underlying poE tentil prtilesF e potentil prtileD in potentil worldD only exists etween two intertionsF untity nd diretion re time dependentF he quntity term should e spei(ed in more forml theoryF por now we n think of it either s homologous to frequeny for photon or s numer of inseprle potentil prtiles or s some sort of inE trinsi forn9s rule oe0ient @sine we do not tke into ount potentil worlds in following formulAF st is lso onvenient mens to keep non existing prtiles @not yet existing or no more existingA in sme formulY in tht se νp = 0 nd diretion is unde(nedF sn this formulD one n reognize veloityX c -→

β S D energyX E S = h p∈S ν p D nd momentumX E S c -→ β S = h c p∈S ν p -→ n p @ 47 AF
sf these potentil prtiles hve lne etween the potentil diretions @isotropy in peAD emerging veloity is zeroF he veloity mgnitude would rise with omE mon orienttion in some diretion of displement peF sn the limitD if vst proportion of displement pes of potentil prtiles heds in one diretionD the emerging veloity mgnitude will e lose to cF xowD let us imgE ine two monoEdiretionl strems of potentil prtilesY if they hve the sme diretionD they hve no potentil for intertionD sine they re displed t the sme pe " the greyhound nnot th the ritF et ngle πD on the oppositeD the proility of intertion y unit of time is t mximumF et ngle θD we n imgine reltive intertion progressing with 1 -cos θF sn this theoryD elerting quntil prtile in diretion is just dding potentil prtiles in the sme diretionX eh intertion then tends to reple more frequently potentil prtile in the opposite diretion y potentil prtile with nother diretionD nd so rises the level of diretionlityF vet us suppose tht for two quntil prtiles potenE tilly intertingD there is ftor (1 -cos θ) on their wve funtion desriing their propension to intertY this ftor redues the potentil presene of prtiles nd thus inreses the time efore intertion oursF et the suEquntil levelD this (1 -cos θ) ftor orresponds to

(1 --→ n p1 • -→ n p2
)F st is linerD nd so the ftor for two poE tentil prtile setsD for exmple two quntil prtilesD eomes (1-

-→ β S1 • -→ β S2
)F sf these two sets prtiipte in n ojet " iFeF greter set " with veloity c -→ β D then let us deompose

-→ β Sa = - → β + - →
b a F sf we suppose this igger set to e homogeneous enoughD then b a β @ 48 AF hereforeD the dynmis ftor eomes

1 - -→ β S1 • -→ β S2 = 1 -β 2 - - → β • ( - → b 1 + - → b 2 ) - - → b 1 • - → b 2 ≈ 1 -β 2 F @QA
sf we shre this ftor eqully etween the two setsD y symmetryD we get the following ftorX 1 -β 2 = 1 /γF ith these hypothesesD γ ppers s diretionlity fE torD nd 1 /γ s time diltion ftor for moving ojetsF his ounts for ft QX proper time emerges s olE letive property @without need to onsider mssAF he theory we hve skethed out ould mke emerge in w ontextD without ny need to nturlE ize winkowskin speEtimeF gontrry to iinstein9s D in our theoryD length ontrtion nd time diltion 47 sf β S < 1D we n set γ S = 1 / 1-β 2 S nd de(ne usul reltivist homologous of these quntitiesF 48 he loser β will e to 1D the more homogeneous the ojet will eD reltive to the displement peF would pper s phenomenD not perspetive e'ets 49 F xote lso tht it mkes reltive fourEveloities emerge from displement pesD whih my thus e soluteF Scholium 1. yur theoryD whih tehnilly provides n lterntive to iinstein9s D supports n interpretE tion of whih we will nme inemti interprettionD s opposed to the usul iinsteinin onti interprettionF hese two interprettions di'er metphysillyD sine the inemti interprettion llows n solute spe nd hs got solute displement pesD wheres the onti interE prettion knowledges only reltive speEtime nd veE loitiesF futD t physil " experimentl " levelD oth interprettions expose only reltive veloitiesD nd oth knowledge only qlilen frmes s privileged frmesF Scholium 2. ith our ttempt t theoryD the pheE nomen @iFeF uslityA propgte t mximum veloE ity cD utD stillD some orreltionsD s in iElike experiE ments " in qulsD re instntneousD sine they depend on potentil worldsF B. Inertia and energy induction of weight he usul qenerl eltivity interprettion views grvittion s reiprol e'et etween prtiles nd speil ojet lled speEtimeF his does not omE pletely rule out mehnisms where grvittion would emerge from e'ets of the urvture of oordintes on quntum phenomenF por exmpleD endrei khrov @IWTUA suggests tht grvittion ould emerge from quntum )ututions of the vuum if spe is urvedF oD should grvittion e qunti(edD or should it e difE ferently delt withc vet us strt with n nlysis of some elements of knowledge out motion nd grvityF tohn hiloponus (rst introdued notion of impulse @impetusA or of power to move to ount for the ontinution of movement 50 D notion lter expnded y sn © %n © D ten furidn nd qlileoD leding to the lws of onservtion of momentum nd @wht we now llA kineti energy y ghristin ruygens @voE queneuxD PHHWAF ss xewton9s rinipi @ITVUA deE (ne inerti s vis insit or innte fore of mtterD s vis inertie or fore of intivityD or s power of resisting y whih every ody s muh s in it lies enE devors to persevere in its present stte whether it e of rest or of moving uniformly forwrd in right lineY xewton dds it is essentilly mssF e few lines oveD xewton opens the rinipi with prgrph stting 49 fernrd d9ispgnt @IWWRA reltes tht tohn fell emphtiE lly dvoted n interprettion of reltivity s phenomenlF 50 fefore himD movement ws not something to model mthemtiE llyY for exmpleD for eristotleD weight ws linmenD (nl tendeny to e in low pleD nd motion needed n e'etive motor to ontinue its ourseF tht weight is proportionl to mss s n experimentl ftF snertiD mss nd weight re here proportionl or equivlentF iinstein9s equivleneD xewton9s equivlene nd lso qlileo stting tht ll weighting ojets fll t the sme veloityD re nowdys onsidered to e vritions of n equivlene prinipleF his priniple is often illE de(ned s physil onept sine it is generlly deeply interwoven with mehnisF por exmpleD in xewtonin mehnisD xewton9s nd qlileo9s equivlenes re logilly equivlentF e will not ompletely speify this notionD nd we will onsider the wek equivlene priniE ple @iA to e the equivlene of inerti nd grvitE tionX inertil mss nd weighting mss for xewtonin meE hnisD inertil energy nd ponderous energy nowdysF he experimentl register for this equivlene is onsidE erleY it goes kD t lestD to imon tevin9s riniE ples of sttis @ISVTA nd hve nowdys preision of 10 -14 with the wsgygyi stellite experimenttion @ououl et lFD PHIUAY so no theory n dispense with itF ome form of equivlene is lso deeply rooted in F es erly s IWHSD iinstein notesD in the E = M.c 2 pper @IWHSAD thtD in D energy ontent @whtever this mensA deomposes into kineti energy @KA plus onE stntD the energy ontent t restF yn tht sisD if ody symmetrilly emits light for energy LD iinstein notes tht K before -K after = (γ -1)LF ine K = 1 2 M.v 2 D t (rst pproximtionD he onludesX sf ody gives o' the energy L in the form of rditionD its mss diminishes y L/c 2 F F F sf the theory orresponds to the ftsD rdiE tion onveys inerti etween the emitting nd soring odiesF rereD iinstein ssimiltes inerti @r¤ gheitAD moving mssD nd energy ontent @inergieinhltA " lter onD this will e ornerstone of qF his resoning is very generl in its formD nd thus vlid lso in our sketh frmework with emerging kineti energyX emitting light diminishes the rest energy ontentF oD let us knowledge this equivlene nd onsider inerti nd @ponderousA energy s equivlentF ht link n we mke etween this energy nd quntil or suE quntil energyD espeilly in our sketh frmeworkc vet us turn to grvittionF xewton9s grvittion lw @ITVUA shows reiprol fore etween two odies C @ontextA nd T @testA eing G.M C .M T /d 2 F xewton9s work lso expresses elertion for test odyD sed on iX G.M C /d 2 F his expression is independent from the test mssD whih helps virtulize it nd reify potentil grvittion s (eld " for test mss smll enough not to distur the ontext odyF ixperiments @now numerE ousA show tht grvittion onerns every ojetD with or without mssF iinstein generlizes this onsiderE tion nd postultes we n deompose the grvittion phenomenon into two prts whih we ll here reeived nd given grvittionF eeived grvittion is theorized y the ft tht inertil movementD tht is movement reeiving no other in)uene thn grvittionD follows IR geodesi of speil ojetD the speEtimeF eeived grvittion onerns inertiD nd experimentl evidene suggests tht it is omptile with equivleneX it is the sme for ll forms of energy ontentF qiven grvittion is theorized y the ft tht odies with energy denE sity (eld T = (T µν ) rete urvture of the speEtime ojet suh tht

1 2 R -Λ .g µν -R µν = - 8πG c 4 T µν D @RA
where (g µν ) is the metri of speEtimeD (R µν ) is this metE ri9s ii urvture tensorD modeling its propgtionD G is xewton9s onstntD nd Λ is osmologil onstnt whih we will ome k to elow 51 F e only know diret experimenttion of given grvittion for mss energyD ut on the one hnd osmologil evidene suggests tht it n ount only for smll prt of the oserved grvE ittion phenomenonD ndD on the other hnd symmetry with reeived grvittion suggests tht tensor T should enroll ny form of energy ontentF oD in qD inerti @inertil energyA is now etter desried y tensor T D generliztion of energyEmomentum in the form of energy ontent density nd )ux 52 F xonethelessD the question reE mins prtilly open for p vuX sine they llow no energy trnsferD nd sine they re omnipresent nd isotropiD whether they should e ounted in this energy ontentF his question lso mkes sense for gwf nd gνf 53 D tht my hve no inemti relity with respet to qF wore generllyD ording to immy xoether9s theE oremD in wD energyEmomentum is oneived s symE metry of the model @iFeF of the vgrnginAF o it does orrespond to the physil phenomenD ut only to onE stntF st my lso inorporte model rtiftsD iFeF some symmetries of the model with no phenomenl @experiE eneleA ounterprtF gertinlyD these rtifts n e ompensted for y tegoril quotient or guge theoE riesD ut t the ost of ese nd heuristisF o the qunE til energyEmomentum my not orrespond extly to the q energy ontentF sn our sketh frmeworkD ny potentil prtileD mssE lessD is supposedly ssoited with quntity ν orreE sponding to n energy in h.s -1 or momentum in h c .m -1 F es heuristiD one my thus view energyEmomentum s some sort of e'ervesene of potentil prtiles @eh one ounted with its quntity νAD or some sort of suE here is experimentl support for G eing onstntD under 10 -12 per yer @illD PHIRD pF SHAF eording to usul onvenE tionsD qreek letters indies rnge for speEtime oordintesF oD it is still model of mtter presene in speEtimeD ut not only mssive mtterF wtter is to e thought of s nything with energy ontentF gosmi mirowve G neutrino kground rditionsF ee seF sFgFIF quntil srumF imerging s superposition of suE quntil potentil prtilesD energy is this srum9s time frequenyD nd momentum its spe frequenyF wore poE tentil prtiles mke more inerti emergeF e insist tht this is heuristi viewX sine potentil prtiles re ontinuously eing sored nd emittedD from the qunE til or ove level viewpointD we essentilly ount the superpositionY muh in the sme wy s the ruygensE presnel priniple represents wve propgtion s onE tinuous reEemission of puntul soures on wve surfesD one n think of trjetory s superposition of nuE merous peynmn digrms of potentil prtilesD orE responding to minimum dimensionl suEspes of poE tentil worlds 54 F sn this pitureD from suEquntil level viewpointD quntil prtiles merely exist s orreE lted propgtions of intertionF sf our view is orretD the trditionl view of grvittion s n intertion eE tween two inertisD or two energy ontentsD holds no moreF wo olletives nnot indeed intert per seX intertion should lso men something t the suEquntil levelF e will now formulte n experimentle proposl on tht mtterF

C. An hypothesis about weight gli'ord illD in his review of experimentl tests of q @PHIRAD onsiders tht it is possile to rgue onE viningly tht if ii iinstein9s equivlene priniple 55 is vlidD then grvittion must e urved speEtime9 phenomenonD in other wordsD the e'ets of grvity must e equivlent to the e'ets of living in urved speE timeF es onsequene of this rgumentD the only theE ories of grvity tht n fully emody ii re those tht stisfy the postultes of metri theories of grvity9 F F F F xote tht living in urved speEtimeD in our frmeworkD following priniple QD is mtter of mesured oordintes nd my e n emerging property of speE timeD or even of suEspeF oD pushing our investigtions furtherD the question is nowX on whih level of physil modeling does grvittion plyc e n see three min possiilitiesF IA e n imgine grvittion s eing essentilly quntil level phenomenonF sn tht seD q urved metris my emerge from suE quntil phenomen in some wy similr to wht we 54 st my e in(niteD ut we only onsider in(nite here s limit seD ording to priniples I nd QF sn (nite seD IEh suE spes re potentil worldsD euse of nonEzero mesureF 55 pollowing oert hikeD iinstein9s equivlene priniple is i plus lol vorentz invrineX the outome of ny lol nonEgrvittionl experiment is independent of the veloity of the freelyEflling referene frme in whih it is performedD plus lol position invrineX the outome of ny lol nonEgrvittionl experiment is independent of where nd when in the universe it is performed @illD PHIRD pF WAF suggested for F yrD one n lso imgine tht grvitE tion plys essentilly t the suEquntil levelD with two optionsX PA uEspeD iFeF intervlsD is urved y energy onE tentD not unlike the se of ps in urved spe @fF nE ruhD F rwkingD F enroseD F ldAF QA ome sort of fore is exerted etween potentil prtilesF here hs een lot of reserh on quntil grvitE tionD ledingD for the time eingD to no generlly epted theoryF e will therefore leve the (rst hypothesis sideF he seond hypothesis is t the very lest untimelyX it would e too speultive for our roughly skethed theoryD sine we hve no ideD yetD of the mthemtil struture of intervlsF e will explore here the third hypothesisF ss grvittion exerted t the quntil prtile levelc hoes it use some sort of vetor potentil prtilesD iFeF grvitonsD the fvored pth for present reserhc yr does grvittion di'er from the other intertionsc here is nother wy of ddressing these questionsX is weight n inEworld phenomenonD iFeF phenomenon limited to eh potentil worldD like other intertionsD or is it exerted ross worldsD tht is lso etween worlds otherwise inE essilec sn our hypothetil theoryD inerti nd grvittion pE per to e proportionl to the energy of ll potentil prE tiles in given lotionF wore preiselyD it orresponds to linerity with respet to mss for given nd reeived xewtonin grvittionD to linerity of given iinsteinin grvittion of the stressEmomentumEenergy tensorD nd to linerity of the geodesi movement of reeived iinE steinin grvittionF sf this theory is orretD this sugE gests tht grvittion given y odyD resulting from its energy ontent would pply to ll potentil prtiles indi'erentlyD nd thus its given grvittion would pply to ll potentil worldsF gonsidering this phenomenon the other wy roundD test odies would reeive grvitE tion tht would e the superposition of grvittion from ll possile worldsF ushing the hypothesis furtherD if

|ψ = a |ψ 1 ⊥ + b |ψ 2 D with |a| 2 + |b| 2 = 1D
we ould imgE ine tht reeived grvittion should e something like g = |a| 2 g 1 + |b| 2 g 2 F vet this e our hypothesisD nd let us look t possile experimentle onsequenesF Hypothesis @trnsEworld grvittionA. qrvittion ts t the suEquntil levelD nd produes its e'ets eE tween worlds in oherene with the oe0ients of forn9s ruleF e lot of onjetures nd suggestions hve een mde to explin some experimentl di0ulties with grvittionF yur ssumptionD on the ontrryD is n experimentl hyE pothesisD s we shll see in the following setionF ould it e in ordne with the experimentD it would lso institute forn9s oe0ientsD or propensity proilityD s diretly oservle quntity 56 F fefore onsidering experimenttionD we would like to underline some spets of our hypothesisX Scholium 3.

xewton9s third lwD the tionE retion or intertion lwD results lssilly from the symmetry of physil lwsF st does exist t the mroE sopi level ndD in ertin wyD t the quntil levelD even if the (eld formlism does not mke it oviousF ith our hypothesisD grvittion might not respet this lw inE side eh potentil world @inEworld tionAD ut only eE tween potentil worlds @trnsEworld tionAF husD grvE ittion would not e n intertion in the sme wy s eletrowek nd strong foresF Scholium 4. ithout grvittionD potentil worlds do not mingle euse quntil interferene mintins them phenomenologilly seprteF yn the other hndD grvittionD s it is now understoodD is not liner with reE spet to wveEfuntionD thus inessile potentil worlds should grvittionlly intertF Scholium 5. sf our hypothesis is orretD for trnsE world resoningD the most dequte representtion of lE terntive worlds is s " exept tht when grvittion joins the gme the phenomenologil world isoltion of s vnishesF yn the other hndD for inEworld resonE ingD the est heuristi support is s " ginD when grvittion is out of the gmeF D. Crucial experiment e presented the min tool of our proposed experE iment in setion ssFhX the qulD or quntil simple inry lterntiveF sts generl mition is similr to hroedinger9s t or igner9s friend ut with lerly formulted nd experimentle quntil protoE olF sn this experimentD we would hve qul with results 1 nd 2 determining the position of hevy mssive ody M F sn rnh 1 of the lterntiveD tht is if result 1 ppersD ody M will e put in ple r 1 t some dte t @previously de(nedAF sn rnh 2D tht is if result 2 ppersD mss M will e put in ple r 2 t the sme dte tF sf we exept grvittionD ny oserver in rnh 1 n note then tht M is in position r 1 D y view or onttD for exmpleY if our hypothesis is vlidD it will not e the se with grvityF vet us suppose this qul hs forn oe0ients a 1 nd a 2 F glssillyD mesurle grvity strength @elerE tionA given y M would e g 1 in se 1D nd g 2 in se 56 here hve een mny ttempts to prove forn9s ruleD ut they re still ontroversilD even in s ontextF en experimentl on(rmtion of our hypothesis would hnge the purport of these ttemptsF st would lso ring some support to vev idmn9s terminology for forn9s rule oe0ientsX mesure of existeneD for world in mnyEworlds interprettion @IWWVAF IT 2F he experimentl ontext ody my eD for exmpleD 1 t qurry stone moved from distne to point 1 m wy from grvimeter in se 1D nd remining distnt in se 2 57 F ith rough evlution g 2 g 1 D nd g 1 = G.M/d 2 1 7.10 -11 × 10 3 /1 2 = 7.10 -8 m.s -2 = 7 µGalF his vlue omes in the rnge of tody9s mirogrvimeE try pprtusesF sf our hypothesis is orretD nd if e'et follows the von xeumnn hinD reeived grvity strength would e g |a| 2 g 1 F sf the qul is symmetriD with equl proilities of the two rnhesD then g 1 2 g 1 F ht n we lern from this experimentc fefore the turn of the PHth enturyD physiists thought tht moleules would never e oservedF por tht resonD some uthorsD like irnst wh or ilhelm ystwldD rejeted tomism @gohenEnoudji nd piroD PHIQD pF SIAF he sitution hs some similrities with tht of potentil worldsF por sD ll potentil worlds re physE illy relY for s one is rel nd the others merely virtulF ould suh protool e on(rmed y experE imentsD our potentil worlds modl interprettionD onE vergene of s nd sD would e well estlished s n interprettion frmeworkF tillD this result is highly ounterEintuitiveD perhps for good resonsD nd thus my well filF ould this hppenD it would e n indiE tion tht inessile worlds @in seF ssFg senseA re pheE nomenologilly imperviousD nd so tht distintions eE tween s nd s re essentilly metphysilF hysE il disussion ould nevertheless remin on the sound grounds of quntum modl logi nd potentil worldsF gonerning grvittionD n experimentl suess would urge us to revise lrge sle grvittionl resoning nd tke into ount the grvittion reeived from lternte potentil worldsF e will shortly explore some possile onsequenes of suh n e'et in the following setionsF hese hypothetil onsequenes re inentives to experE iment our hypothesisD sine it would then link severl urrent di0ultiesF yn the ontrryD filure of this exE periment ould suggest tht grvity my e ultimtely liner in some wveEfuntion representtionD nd e n invittion to elorte quntil theories of grvittionF IV. EXPLORATION OF CONSEQUENCES e will now explore some possile onsequenes of our hypothesis of trnsEworld grvittionF 57 yne n lso mention the extremely hevy odies of the uilding industryX ridge elementsD uilding prtsD or even entire uildE ings @on wy PPndD PHIPD 6 200 t historil uilding ws moved 60 m wy in urihD witzerlndAF A. Potential worlds and cosmic ination he ide of osmi in)tion ws developed in the erly IWVH9s y eln quth @IWVIAF st is generlly thought to e phse trnsition of the erly universeD nd is still in wnt of n explntionF st ould e linked to term simiE lr to the osmologil onstnt in the energyEmomentum stress tensorD ndGor e n erly e'et of slr (eldF gosmi in)tion is modeled s metri expnsion of the universeF st is onsidered to e exponentil nd to orreE spond to PT orders of mgnitudeD t lest " onsiderly more in some modelsF sts durtion is extremely hypoE thetilY in some theoriesD in)tion is even perpetul in some prts of the universeF he min justi(tion for this ide is tht it solves the horizon nd )tness prolems 58 F he min oservtionl evidene in fvor of in)tion is the gwfD whih is very homogeneousD nd the vritions of whih re interpreted s inhomogeneities orrespondE ing to quntil )ututions sledEup y the in)tion proessF row ould we ddress this question within our frmeE workc ome models of perpetul osmi in)tion predit tht it produes uslly independent universesY this sitE ution is lled osmi multiverseF ome independent pulitionD notly @xomurD PHIIAD suggest tht the multiverse my e linkedD or even orresponds toD the multiple worlds of wF his proposl relies hevily on the ide tht nything tht is possile @in the modelD ut sometimes in one9s imgintionA will hppen 59 F e will tke nother pthF gosmology suggests tht there re two min e'ets of grvittion " or speEtime urvtureD whtever the useX the (rst one is ttrtive nd diretedD the other is @metrillyA expnsive nd isotropiF sn symmetri situtionD the lne of fores nulli(es the (rst e'etF sn n erly stge of the universeD efore the seprtion of reltive sttes @or potentil worldsAD suh sitution oursD leving unlned the expnsive omponent of grvittion onlyF gosmi in)tion is mesure of the universe9s grvittionl symmetryF ithout our hypothE esisD this symmetry is very soon destroyed nd in)tion is often supposed to lst something like 10 -33 s or 10 -32 sF sf our hypothesis orresponds to the experimentD the uniE verse pereived y grvittion is muh more symmetriE l nd homogeneous thn the sme universe seen y eletromgneti rditionsX quntil )ututions proE due no grvittionl symmetry nd so in)tion my 58 he horizon prolem is tht of the reltive lrge sle homoE geneity nd isotropy of the universeF he )tness prolem is tht of the lmost ritil density of )t speEtime in qF eeD eFgF @gohenEnoudji nd piroD PHIQAF yservtionsD esE peilly from the lnk stelliteD on(rm tht the speEtime urvture is under 0.005 @lnk gollortionD PHITD pF QU!QVAF 59 eeD eFgFD the eginning of @xomurD PHIIAF ureD there is no experimentl support for this " nd nnot e nyD y de(nitionF lst longerF sn suh situtionD in)tion would eseD or eome negligileD when trnsEworld reeived grvitE tion @iFeF grvittion given y lternte worldsA eomes reltively smllD ompred to inEworld inhomogeneitiesF untittivelyD we only know tht this sitution hpE pens efore the deoupling epoh @the gwf wllAD t redshift z ≈ 1000F o investigte furtherD one hs to evlute the quntittive inidene of the two e'etsF pirstD the osmologil horizonD similrly to lkEhole horizonD uslly seprtes potentil worldsD diminishing grvittionl in)uene on eh otherD thus using inhoE mogeneities to e unlnedF eondlyD worlds di'erE entite y n e'et of deohereneD using some sort of distne etween worldsD whih we will ll modl proxE imityF vet us elorte little further on tht mtter in the next setionF B. Modal proximity and mass discrepancy 1. The discrepancy between the visible and dynamical mass es erly s IWQQD pritz wiky notied lrge disE repny etween mtter visile due to its eletromgE netil emissions nd dynmil mss ording to oE servle grvittionl e'ets 60 F his is the origin of the generi term drk mtterF fy IWVH estronomers in generl thought in terms of rther onventionnl drk mtter " old gsD very lowEmss strsD filed strs @or suE per plnetsAD stellr remnnts suh s old white dwrfsD neutron strsD or lowEmss lk holesF his onvenE tionnl drk mtter is generlly lled ryoni drk mtterD sine most of its energy ontent is mde of ryonsF rt of this drk mtterD minly Ery emitE ting gs in glxy lustersD hs now eome visileY prt is still invisileD ut its proportion in the universe9s enE ergy ontent is quite preisely estimtedF he we stellite oservtions of the gwf )utution spetrum re in exellent greement with )t universe s it is tody @Ω total = 1.099 ± 0.1A nd with the onordne model of the niverseX ∼ 5% ryoni mtterD 25% old drk mtterD 70% drk energyF yservtions nd theoE retil models of the erly universe hve set onstrint for ryoni mtter quntityX Ω b = 4% • • • 5%D so only oneEtenth of the ryons re tully shining 61 F he reminder of the mssEenergy ontent of the niverse is thought to onsist prtly of drk mtter tht is unidenE ti(edD nd primrily of drk energy of even more unE ertin ntureF he drk mtter (lls the niverseD proE 60 sn this setionD quottions nd historil fts out drk mtter nd wyxh without expliit referene re from @ndersD PHIHAF 61 vuminous prtX Ωv ≈ 3 D Ery emitting gs of glxy lustersX Ωg ≈ 2.5 D so shining ryoni mtterX Ωv + Ωg ≈ 5 F yther omponents n lso e estimtedY gwfX Ω CMB = 5 × 10 -5 D neutrinosX Ων ≈ 3 • • • 10%F ee @ndersD PHIHA for referenesF motes struture formtion nd ounts for the disrepE ny etween the visile nd dynmil mss of ound stronomil systems suh s glxies nd lustersY it is the mjor onstituent of suh systemsF sn PHHWD nd still todyD the ndidte drk mtter prtiles hve not een deteted independently of their presumed grvitE tionl e'etsF oert nders @PHIHA onludes tht the existene of drk mtter remins hypothetil nd is dependent upon the ssumed lw of grvity or inerti on stronomil slesF o it is not t ll outrgeous to onsider the possiility tht our understnding of grvity is inompleteF 2. Dark matter and modal proximity xowD onsider some potentil world WD rnhing in potentil worlds W 0 nd W 1 fter qulF htever the oserver9s worldD reeived grvittion is the sum of grvE ittion of mtter in these two worldsD eh one ounted with its forn oe0ientF xextD let us imgine sequel of n qulsD leding to 2 n potentil worldsD W i1i2•••in F vet us supposeD y symmetryD tht the oserver9s world is W 00•••0 F he longer the initil 0EsequeneD the loser is potentil world to the oserver9sF o simplify formulE tionD if quls re symmetrilD eh world hs oe0ient 2 -n D utD s seen from oserver9s worldD it9s e'etively 2 -(n-) D with the initil ommon history lengthF vet us de(ne the modl proximity of world to e the produt of forn oe0ients fter rnhing from the oserver9s worldF wodlly lose worldsD tht is worlds with reE ent shred history @iFeF smll AD re generlly more similr nd hve higher modl proximityF wodlly disE tnt worlds hve lower modl proximity nd my hve di'erent distriution of mtterF xote tht for generl resoning we hve de(ned worlds on very wide sisD enompssing ll mtterD utD in prtieD we n use potentil world model on susysE tems of the universeD in s muh s we n suppose them isolted enoughF his llows us to de(ne modl proxE imity for individul ojetsF ith xewtonin pproxiE mtionD ody M in potentil world gives grvittion in proportion to its modl proximity nd inverse squred distneF sf our trnsEworld grvittion hypothesis is orretD we reeive grvittion from ll worldsD from mtter present in our world nd from mtter existing in lternte potenE til worldsF sn wyD grvittion is the ontriution of our world nd of some sort of grvittionl shdow of lE ternte worldsF sn other wordsD this grvittionl shdow ts s if it were mtter @iFeF energy ontentA interting with other mtter y no other mens thn grvittionF husD it does ontriute to drk mtterD even if modl proximity is quikly deresing with qulsF xowD let us imgine the erly )ututions tht initiE ted the uildEup of glxyF sn modlly lose lternte IV worldsD ounterprts of this glxy my hve vstly di'erE ent orienttions nd positionsF sn ftD if universe struE tures re distnt desendnts of quntum )ututionsD the lternte worlds should re)et tht ny intertion my orrespond to multiple potentil outomes in multiE ple diretions nd tht ny suquntum trjetory line my orrespond to multiple moments of intertionF et the glxy sleD one n imgine tht grvittion given y lternte worlds9 ounterprts produe something like drk mtter hloD interting purely y mens of grvE ittionD nd with no instility prolemF his my E ount for glti stility ndD perhpsD for the oserved )t terminl rottion veloity urves of spirl glxies 62 F feing more speultiveD this might explin why lrgeE sle strutures look so muh like potentil intertion digrmsX lternte world glxies populte glxy (lE mentD in the modl viinity of n initil potentil prtile digrmF 3. MOND and cinematic interpretation of relativity sn IWVQD wordehi wilgrom pulished n lterntive proposl to nonEryoni drk mtterX modi(tion of xewton9s seond lw of motion or of xewton9s lw of grvittion itself 63 F sn this phenomenl theoryD xewtonin grvittionl elertionD a = GM R 2 D eomes a 2 a0 = GM R 2 in the se of tiny elertionsX a a 0 F es of tody this wodi(ed xewtonin dynmis @wyxhA hs no theoretil foundtionD ut it is gretly resilient to experimentl evideneF purthermoreD it explins muh more phenomen thn the old drk mtter modelF he terminl veloity of spirl glxies is strightforwrd 64 X v 4 /R 2 a 0 = GM/R 2 D so v = 4 √ GM a 0 F upposing uniE form mssEtoElight rtio in spirl glxiesD one n derive the ully!pisher reltion @IWUUAD now known to e very good orreltion etween the luminosity nd the terminl rottion veloityD L ∝ V 4 D nd settle n experiE mentl vlue for referene elertion a 0 ≈ 10 -10 m.s -2 F wyxh lso explins why surfeErightness does not exeed preemn9s limitF vst ut not lestD wyxh ounts for the per!tkson reltion @IWUTA onE erning ll nerEisotherml pressureEsupported systemsD M ∝ σ 4 D where σ is veloity dispersionD mesured y spetrl line widthF eloity mesures of gs glti fringe in spirl glxies show tht this veloity tends to e onstntD nd not to derese in ueplerin mnner @the equilirium etween entripetl nd grvittionl elertions gives

v 2 /R = GM/R 2 D therefore v ∝ 1/ √
R where M (R) is onstntAF gfF eFgF @ndersD PHIHAF he fts in this prgrph sum up nders @ndersD PHIHAD hpF IHF woreoverD st even ppers tht detils in the rottion urves re mthed y the predited wyxh rottion urves @ndersD PHIHD pF IRIAF feing gin very speultiveD let us put forwrd n ide whih ould led to some theoretil justi(tion of wyxhF glssil ound!ek!nider experiments on(rmed tht rdil grvittionl redshift is quntitE tively equivlent to frontl hoppler!pizeu e'etF xowD let us turn to our inemti interprettion of speE il reltivity nd represent ny quntil prtile s superposition of potentil prtiles ll displed t the sme pe mgnitude @orresponding to veloity cAF ih momentum is something like p = h c ν nF sf it underE goes the sme grvittionl frequeny shift s photonsD

1- R S r 1- R S r ≈ 1 + R S
2r -R S 2r D one n imgine tht enterwrd potentil prtiles re lueshifted nd outwrd ones re redshiftedF he e'et would e in the order of δr r 2 . GM 2c . h c νD nd would indue grvittionl strength in the order of GM r 2 for higher level mssive prtilesF yne n lso imgine similr resoning with @nonEdiretionlA redE shift due to the universe expnsionD H0.d c F sf we onsider rdil potentil prtilesD oth e'ets ould ompenste for H0.δr c ≈ δr r 2 . GM 2c 2 D iFeF H 0 c ≈ GM 2r 2 F ureD not ll potenE til prtiles re rdilX one would hve to uild oherE ent theory out of these idesF reuristillyD if this e'et is on(rmedD one n expet tht something will hppen to the grvittion when grvittionl strength goes down to the order of mgnitude of H 0 .c ≈ 7 × 10 -10 m.s -2 " tht is the wyxh order of mgnitudeF e ould foresee omintion of these two phenomenD grvittion eing dominnt for high elertions nd eoming something like GM r 2 .H 0 c for smll onesF his is still very speuE ltiveD ut might ount for the wyxh phenomenl theory " whih we should proly ll more urtely the wilgrom e'etF yn the glti nd suEglti slesD wyxh exE plins well the oserved mss disrepnyF yn lrger sleD it redues it from ∼ 6 • • • 7 to ∼ 2 • • • 3D ut does not eliminte it @ndersD PHIHAF oD even if the wilgrom e'et is on(rmedD this does not rule out the need for some sort of nonEryoni drk mtterF pinllyD the oservtion of the fullet glxy luster @Ii HTSU!SSVD z = 0.296A showed tht ny nonstnE drd grvittionl fore tht sles with ryoni mss is insu0ient to ount for the deoupling etween the visile mss @glxies nd Ery emitting plsmA nd the mp of grvittionl strength @projeted long the lineEofEsightA y wek grvittionl lensing methodology @glowe et lFD PHHTA 65 F wore preiselyD this mp sugE gests tht unoserved mtterD whtever it isD ehves 65 hougls glowe et lF @PHHTA lso mention tht other merging lustersD w IHSR!HQ @tee et lFD PHHSA nd eSPH @in preprE tionAD exhiit similr o'sets etween the peks of the lensing nd ryoni mssD lthough sed on lensing reonstrutions with lower sptil resolution nd less lerEut luster geometryF like the strs nd not like the hot di'use gs " it is disE siptionless @ndersD PHIHD pF IRRAF his is preisely wht we ould expet if this mtter is the result of the shdow grvittion given y glxies of lternte potenE til worldsF C. The cosmological constant and trans-world gravitation 1. The cosmological constant problem por eh quntum (eld theoryD even spe totlly deE void of prtiles @its idelized zero point stteA still onE tins virtul prtilesX this is lled its vuumF ih vuumD for exmpleD is the urrent preferred interpretE tion use for the gsimir e'etF he question isX do these vu ontriute to weightc st is generlly eE lieved they doD in the form of the osmologil onstnt Λ @eqF RAD ut this elief does not ome without trouleF sn their historil surveyD vend irik ugh nd renrik inkerngel @PHHPA distinguish t lest three di'erE ent menings to the notion of osmologil onstnt prolemX IF e physis9 prolemX p vuum ↔ Λ F F F PF en expeted sle9 prolem for Λ F F F QF en stronomil9 prolem of oserving ΛF e will fous here on seond pointD nmed the vuum tstrophe y onld tF edler et lF @IWWSAD notiing tht numerE ous ppers hve een written out itF ero point energy density isD theoretillyD evluted y ounting p modes nd pplying uto' to elude divergeneF his @strongA divergene is not per se n extrordinry di0ulty " nd it is physilly somewht understoodY the vuum tstropheD nmed fter the historil ultrviolet tstropheD is the ft tht even with resonle uto'D the zero point energy density is evluted to e wy igger thn stronomil oservE tions " nd this ft is not t ll understoodF sf we limit ourselves to the eletrowek theory nd set 100 GeV uto'D ρ EW vac ∼ 10 46 erg.cm -3 = 10 45 J.m -3 F his is lE redy huge mount of vuum energy ttriuted to the ih ground stte whih exeeds the oservtionl ound on the totl vuum energy density in p y ∼ 55 orders of mgnitude @ugh nd inkerngelD PHHPD pF TUTA 66 F sf we set the uto' t the lnk energy levelD the sme evlution rises up to ∼ 120 orders of mgniE tudeF his is proly the worst theoretil predition in the history of physis3 67 woreoverD this is only for ihY ounts of other quntum (eld theories re exE tremely omplitedX introduing the fir mehnism 66 qrvittionl oservtions @in the ontext of modelA onstrin ρ 10 -9 J/m 3 " see eFgF @edler et lFD IWWSY ugh nd inkerE ngelD PHHPAF 67 wF F rosonD qF F ifstthiouD eF xF vsenyD qenerl elE tivityX en introdution for physiistsD gmridge niversity ressD PHHTD pF IVUF requires mssive hoieD so to syD nd the overll proE edure is very model dependent 68 F pinllyD we should dd tht huge vlue for the osmologil onstnt is oherent with the in)tionry model 69 F he theoretil onnetion of zero point energy denE sity nd grvittion isD for the time eingD highly speuE ltive sD on the one hndD energy in wD s in lssil physisD is de(ned only to onstntD ndD on the other hndD grvittion in q is given y ny form of energyD with n solute vlueF sn the futureD ny expeted onE netion etween ps nd q will hve to del with this gp 70 F et presentD we know no experimentl result linking grvittion nd ny pD so it is only speulE tive whether or not we n ssimilte energy in the sense of ps to energy in the sense of qF e n roden the questionD tking into ount one of the est preE ditions of physisX grvittion is so fintD ompred to other fores tht one n ompute the mgneti moE ment of the eletron up to eleven ext digits without tking grvittion into ount t llF 2. Trans-world analysis of vacuum gn our frmework shed some light on this situtionc st n ertinly rise some questionsF hoes p vu exert their e'ets in eh potentil world or re these vu trnsEworld phenomenc ss vuum grvittion diluted with time or is it essentilly timeEindependentc sf we onsider given nd reeived grvittionD it would ertinly e surprise if p vu would not give grvE ittionD ut wht ould e the mening of reeiving grvE ittion for fundmentl sttec iven more fundmenE tllyD re the p vu to e thought of s ojets or s mere rei(tion of reltions etween ojetsc vet us (rst ome k to the physil mening of onE eptsF e)etion out motion strted to e questioned rtionllyD in the enient timesD y oneiving the empty speF vterD qlileo used this notion for his reltivity prinipleD nd xewton onsidered it neessry sis for estlishing his lwsF ome notion of free spe is lso fundmentl for reltivityX we supposed itD imE pliitlyD when expressing fts I nd PD oveF flise slD philosopher nd experimenterD mde ler distintion etween empty spe @videD emptied speD spe devoid of mtterA nd nothingness @n¡ entAX nothE ingness hs no qulityD ontrry to empty speF he 68 iven in the se of ihD fr etter understood thn ghD the proedure is not soundX the energy density estimtion depends on the uto' " whih is sed on elief " nd on the reguE lriztion of deltEfuntion y volume " the symmetries of whih hve mjor inidene on the omputtionF 69 he originl ide of eln quth @IWVIA ws tht huge vuum energy drove the in)tionF 70 sn his historil survey @IWVWAD teven einerg introdues it s veritle risisF PH interprettion of his experimentl setups would e di'erE ent todyD ut we n still keep the fundmentl di'erE ene etween spe physilly devoid of mtter nd n idel speEtime with no ontentF tiking to experimenE tl ftsD we know now tht interglti spe ontins ∼ 10 -12 m -3 moleulesF iven the extreme empty spe etween glti lusters ontins t lest the osmi miE rowve kgroundF gloser to usD extreme lortory empty spe would ertinly lso ontin the osmi neuE trino kground 71 F oD everywhereD there is mtter " orD to e more extD proility of the presene of mtterF u do not exist s physil sttes of pleF sn our frmeworkD ny quntil prtile is swrm of potentil prtilesD the list of whih is mostly the hoie of representtionF sn wyD vuum ontriutes to ll quntil prtilesF u re often presented s )uE tutions in time of void speF his representtion is not tully oherentX the vuum stte orresponds to the lowest energy eigenspe of the free rmiltonin of pD so it is not muh )utution in time @it does not hngeAD ut vrition etween potentil worldsF husD vu should e est viewed s trnsEworld pheE nomenD nd one n therefore expet tht they dilute themselves with the inresing modl proximity etween ll worldsF sf this is the seD IPH orders of mgnitude would indeed not e tht igD orrespondingD roughlyD to log 2 10 120 ≈ 400 symmetril qulsF ine they re not relly ojetsD p vu do not grvitteD strito sensuY the prtiipting prtiles give nd reeive grviE ttionD ut not the vu themselvesF V. CONCLUSION his pper hs skethed out n ssemly of puzzle piees etween untum wehnisD peil eltivityD grvittion nd osmologyD ut lot is still missingF o rell only someX he (rst thing to do would e to experiment nd test our hypothesis of trnsEworld grvittion to etter understnd possile rtiultions of grviE ttion nd quntil physisF sf our hypothesis is on(rmedD our frmework nE tiiptes tht grvittion reeived from inessile worlds would mnifest itself s shdow grvittion in our world nd explin t lest prt of the in)E tion nd drk mtter phenomenF o go furtherD it is neessry to uild osmologil senrios nd see how muh of these phenomen the shdow grvE ittion ould explinF yn the ontrryD would our 71 istimted ∼ 5.10 -5 m -3 t 1.9 K on theoretil sis @gohenE noudji nd piroD PHIQD pF RIPAF hypothesis e invlidtedD one would hve to exE plin how grvittion ould e on(ned to potenE til worldsD iFeF respet iverett9s reltive stte seprtion " orD t lestD ehves s if it didF yn the theoretil sideD the inemti justi(tion of peil eltivity should e explored furtherF e investigted only displement pe ftor on the wve funtionF en intervl ftor might e likewise investigtedF pinllyD one hs to design hypotheses out the geE ometry of the suEspe nd its links with grvitE tionF e mehnism l erelmn would e n interesting senrio of emergene of the suEspeY it ould lso give some lues to suEquntil grvE ittionF his line of reserh line n e tred k to ihrd F rmilton9s reserh whih inE trodued the ii )ow @IWVPA nd drew prllel with the het equtionF his prllel my hve more profound physil meningF REFERENCES onld tF edlerD frendn gseyD nd yvid gF toF uum tstropheX en elementry exposition of the osmologil onstnt prolemF emerin tournl of hysisD TQ@UAXTPH! TPTD IWWSF doiXIHFIIIWGIFIUVSHF IW eve ollortionF yservtion of new prtile in the serh for the tndrd wodel riggs oson with the eE ve detetor t the vrgF hysis vetters fD UIT@IAXI!PWD PHIPF doiXIHFIHITGjFphysletFPHIPFHVFHPHF II prn oise flirF qlil¡ eeD xewton lus pr iinsteinF resses niversitires de prneD PHHPF P ov fenEhovF ersions de l m¡ enique quntique sns r¡ edution de l fontion d9onde X l th¡ eorie d9iverett et l9ondeEpiloteF hh thesisD niversit¡ e ris sssD wrh IWVVF wihel ty @dirFAF SD VD IH ov fenEhovF iverett9s theory nd the 4mnyEworlds4 inE terprettionF emF tF hysFD SV@WAXVPW!VQPD IWWHF S qrrett firkho' nd tohn von xeumnnF he logi of qunE tum mehnisF ennls of wthemtisD QU@RAXVPQ!VRQD IWQTF doiXIHFPQHUGIWTVTPIF QD U hvid fohmF e proposed explntion of quntum theory in terms of hidden vriles t su quntum mehnil levelF golston persD IWSUF IH hougls gloweD wru § s frd § D enthony rF qonzlezD wxim wrkevithD ott F ndllD ghristine tonesD nd hennis ritskyF e diret empiril proof of the existene of drk mtterF he estrophysil tournl vettersD 

  in greeE ment with forn9s ruleF por n externl oserver O 2 D there is neither something like seprtion or split of S • O 1 in two universesD nor wve funtion ollpseX S • O 1 merely evolves unitrilyD ording to its @extrorE dinrily omplexA hroedinger equtionF woreoverD this evolution will generlly eome lssil very quiklyD due to deoherene y the environment EF C. Potential world modal interpretation sf we follow this exmpleD we n view |left S•O1 = |l S ⊗ |L O1 nd |right S•O1 = |r S ⊗ |R O1 s some sort 22 oughly spekingD in trditionl indutive methodsD siene proE

  we suppose tht A |= P D then A |= P D so A ∧ P ⊥ is nonEzero suspeF ine this is world essile from AD we infer A |= ♦P ⊥ F memoriesEpropositionsD then O resides identilly in ny potentil world B from whih P is essile @B PAF here re lso di'erent versions of O in eh potentil world A essile from P @P AAF hese BEworlds re the only logil pst of O @eforeA nd the AEworlds re the vrious potentil futures of O @fterAF sn eh AD O sees himself s the only existing version of OD even if he n oneive other imginle versions of himself " note tht n imginle version is not neessrily potentil versionD in the strit sense of our formlismF xote lso thtD for OD P nd ll its BEworlds re mutully indistinE guishleX no physil mens n di'erentite themF

  TRV@PAX vIHW!vIIQD ug PHHTF doiXIHFIHVTGSHVITPF IV qilles gohenEnoudji nd wihel piroF ve oson et le hE peu mexiinF qllimrdD PHIQF IHD ITD PH xiols goperniF hes r¡ evolutions des ores ¡ elestesF hiderot multim¡ ediD IWWVF prF trnsF eF uoyr¡ eF P nnis helmsEigoutsosF e doule dedution system for untum vogi sed on xturl hedutionF tournl of hilosophil vogiD PT@IAXSU!TUD IWWUF v http: //www.jstor.org/stable/30226598F QD UD V PI fernrd d9ispgntF ve r¡ eel voil¡ eF enlyse des onepts quntiquesF pyrdD IWWRF inglish trnslF eiled elityX en enlysis of untum wehnil goneptsD estview ressD PHHQF VD IQ elert iinsteinF sst die r¤ gheit eines u¤ orpers von seinem inergieinhlt h¤ ngigc ennlen der hysikD QPQ@IQAXTQW! TRID IWHSF doiXIHFIHHPGndpFIWHSQPQIQIRF IQ elert iinsteinD fF odolskyD nd xF osenF gn quntumE mehnil desription of relity e onsidered ompletec hysil eviewD erF PD RUXUUU!UVHD IWQSF Q ghF iiseleD eF uF xevskyD nd F hillerF vortory test of the isotropy of light propgtion t the 10 -17 levelF hysil eview vettersD IHQXHWHRHID eug PHHWF doiX IHFIIHQGhysevvettFIHQFHWHRHIF IH rugh iverettF he heory of the niversl veE funtionF hh thesisD rineton niversityD IWSSF v https://www.pbs.org/wgbh/nova/manyworlds/pdf/ dissertation.pdfF SD TD UD V rugh iverettF 9eltive stte9 formultion of quntum meE hnisF eviews of wodern hysisD PW@QAXRSR!RTPD IWSUF doiXIHFIIHQGevwodhysFPWFRSRF PD S ihrd F peynmnF peEtime pproh to nonEreltivisti untum wehnisF eviews of wodern hysisD PH@PAX QTU!QVUD IWRVF doiXIHFIIHQGevwodhysFPHFQTUF W ihrd F peynmnF peEtime pproh to quntum eleE trodynmisF hysil eviewD UTXUTW!UVWD IWRWF doiX IHFIIHQGhysevFUTFUTWF W qlileo qlileiF hilogue sur les deux grnds syst emes du mondeF ollF oints sienesF euilD IWWPF P eter pF qiinsF e userEfriendly quntum logiF vogique et enlyseD IIPXQSQ!QTPD IWVSF U eln rF quthF sn)tionry universeX e possile solution to the horizon nd )tness prolemsF hysil eview hD PQX QRU!QSTD IWVIF doiXIHFIIHQGhysevhFPQFQRUF ITD IW F reisenergF hysis nd hilosophyX he evolution in wodern ieneF rrper orhooksF qeorge ellen 8 nE winD IWSVF sfx WUVHHRSQHHITUF v https://books. 01589F IT url opperF he propensity interprettion of proilityF he fritish journl for the philosophy of sieneD IH@QUAX PS!RPD IWSWF V rowrd oertsonF ostulte versus oservtion in the speil theory of reltivityF eviews of modern hysisD PI @QAXQUVD IWRWF doiXIHFIIHQGrevmodphysFPIFQUVF IHD II vend i ugh nd renrik inkerngelF he quntum vuum nd the osmologil onstnt prolemF tudies sn ristory nd hilosophy of wodern hysisD QQ@RAXTTQ!UHSD PHHPF IW endrei hF khrovF Âàêóóìíûå êâàíòîâûå ôëóêòóàöèè â èñêðèâëåííîì ïðîñòðàíñòâå è òåîðèÿ ãðàâèòàöèèF roE eedings of the edemy of ienesD IUU@IAXUH!UID IWTUF rnslted s @khrovD IWWIAF IQ endrei hF khrovF uum quntum )utuE tions in urved spe nd the theory of grviE ttionF oviet hysis spekhiD QR@SAXQWRD IWWIF doiXIHFIHUHGIWWIvHQRnHSefirHHPRWVF v http://www.turpion.org/php/paper.phtml?journal_ id=pu&paper_id=2498F PI oert rF ndersF he hrk wtter rolemX e ristoril erspetiveF gmridge niversity ressD PHIHF IUD IVD IW irwin hr¤ odingerF hie gegenw¤ rtige itution in der unE tenmehnikF xturwissenshftenD PQ@RVD RWD SHAXVHU! VIPD VPQ!VPVD VRR!VRWD IWQSF doiXIHFIHHUGfpHIRWIVWID IHFIHHUGfpHIRWIWIRD IHFIHHUGfpHIRWIWVUF ingF trF tohn hF rimmer in @heeler nd urekD IWVQAD pF ISP!ITUF W hniel pF tyerD wirnd F flkinD uthryn wF fekerD wtthew F furnsD ghristopher iF hudleyD ott F porthD teremy F qumerD wrk eF urmerD hvid gF yertelD veonrd rF rkD wrie F inkoskiD glit F mithD nd imothy hF otherspoonF xine formultions of quntum mehnisF emerin tournl of hysisD UH@QAXPVV!PWUD PHHPF doiXIHFIIIWGIFIRRSRHRF R ierre ououlD qilles w¡ etrisD wnuel odriguesD ves endr¡ eD uentin fghiD to¤ el ferg¡ eD hmien foulngerD tefnie fremerD trie grleD tn ghhunD fruno ghristopheD lerio gipollD hiult hmourD sle hntoD rnsjoE erg hittusD ierre pyetD fernrd poulonD glude qgentD ierreEves quidottiD hniel rgedornD imilie rrdyD huongEenh ruynhD renri snhuspeD trik uyserD t¡ ephnie vlD glus v¤ mmerzhlD inent vetD ierre veseurD prn oise viorzouD weike vistD prnk v¤ o1erD ssE elle netD fenjmin ouillouxD sl rieurD elexnE dre eryD erge eynudD fenny ieversD elin oertD rnns eligD vur erronD imothy umnerD xiols nguyD nd ieter isserF wsgygyi missionX pirst results of spe test of the equivlene priniE pleF hysil eview vettersD IIWXPQIIHID he PHIUF doiX IHFIIHQGhysevvettFIIWFPQIIHIF IQ vev idmnF yn shizophreni experienes of the neuE tron or why we should elieve in the mnyEworlds inE terprettion of quntum theoryF snterntionl tudies in the hilosophy of ieneD IP@QAXPRS!PTID IWWVF doiX IHFIHVHGHPTWVSWWVHVSUQTHHF IS tohnn von xeumnnF wthemtishe qrundlgen der unE tenmehnikF pringerD IWQPF ingF trnsF @von xeumnnD IWSSAF SD PI tohn von xeumnnF wthemtil poundtions of untum wehnisF rineton niversity ressD IWSSF @von xeuE mnnD IWQPA engF trnsF F F feyerF RD TD PI teven einergF he osmologil onstnt proE lemF eviews of modern physisD TI@IAXID IWVWF doiX IHFIIHQGevwodhysFTIFIF IW tohn eF heeler nd ojieh rF urekF untum heory nd wesurementF IWVQF WD PI gli'ord wF illF he onfronttion etween generl reltivity nd experimentF viving eviews in eltivityD IU@IAXRD tun PHIRF sx IRQQEVQSIF doiXIHFIPWRPGlrrEPHIRERF IR ojieh rF urekF heoherene nd the trnsition from quntum to lssilF hysis odyD RRXQT!RRD IWWIF doiX IHFIHTQGIFVVIPWQF T ojieh rF urekF heohereneD einseletionD nd the qunE tum origins of the lssilF eviews of wodern hysisD US @QAXUIS!UUSD my PHHQF doiXIHFIIHQGrevmodphysFUSFUISF T
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st is to e noted tht in these propositions time is merely reltive indexD not prmeterF