Dear reader,

| am sorry, this artie is still a draftalsowritten in German Englisii his will bechanged in
duecoursePlease have a look at the logic of the arguments and not so much at the
English grammarThanksa lo# J é

| would not call entanglement thahebut rather
thecharacteristic trait of quantum mechanics.
(Erwin Schrodinger 1935)

How Albert Einstein unintentionally invented entanglementand
thereby gaverise to the violation of the Lorentz factor.

Paul Drechsel 200

When Einstein in 1905 invented the momentum of the photon, he could not foresee
instantaneous nalocal quantunmentanglemendf photons. Lar confronted with its

possibility hedid not accept it until the end of his lilde derogativelycalledit

Ospooky acti,onbeactauas ediistt ainncpeldi es .6f ast er t
However, one could argue that by formulating his Theory of Special RelaligRy,

in a cryptical way Einstein also laid the foundations fordleevation of an

experimentally based formula for entanglem@iie keyfor this assumptiors his

special adoption of the pseudtmiclidian Minkowski spacky introducing imaginarity

in the time dimension combined with the constant speed of laghict Thisinvention
properlyintroduced intathe core Lorentz factgrof TR leads straight tan

experimentally basefrmula forentanglement of photorBecause Einstein clearly

knew about the consequencesahnething faster thamé constant speed of lighttc

is to assume thdteintuited this possibility questioning basic principteEshis

Theories oRelativity; otherwise his lifelong resistance agaitis¢ empiricalfact of
entanglemenis not easyto understandln the year2008 it was experimentally proven

by Nimlas Gisin et al. that entanglement is faster than the constant speed of light c.
Thiscombi ned with the violation of Bell 6s i
relevance of TSR for quantum physics if not basdti@®tandard Model but based

on entanglement.

1. Introduction

It is common knowledge that Albert Einstein at the beginning of the last century invented

both the SpecidlTSR) in1905 andhe General Theory of Relativitg 1915. It is also
commonknowledge that in 1905, he invented the photon as an elementary light particle. Less
commonly known is Einsteindés | ifelong fight
considered to bpeokyamrti oant amnhBEn@anyendes swanmeatedd .

by Erwin Schrédinge1935, 1936Wwith regard to the property of quantum superposition of

the equation bearing his naniieis a property of a quantum mechanical state of a system of
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two or more objects in which the quantum states of the cotnsgtobjectsare linked together

by one Schrodinger equatidrand not two or more separate equatiosg that one object can

no longer be adequately described withoutrudintion ofits counterpart$ even if the

individual objects are spatially septe@d in a spacelike manner. This interconnection beyond
space and probably also timileads to nofclassical correlations between observable

physical properties of remote systems, often referred momlscal correlationsFor Einstein
suchinstantaneosity, regardlessf any distancand localitieswas impossible because it

violatedhis paradigmof o ¢ a| ‘Taedéhe limiatioh of theconstant speed of light ¢
fundamental fothe property otausalityand alsdis Theories of Rlativity (1961) Einstein
assumed that a quantum theory which all owed
In an article published in 1935 with Roman Podolsky and Nathan Rosen, he postulated

Ohi dden variabl esd which ERRParadodbeen known eve

It took three decades before John Bell in488ered his now famous inequalftithat made
an experiment of entanglement possible. It took another two decades before in 1982 Alain
Aspect et al. could carry out such an experiment in order to convincingly prove that
entanglement was a quantum physical fact and that it possessed #réypwbp
instantaneousitgndnortlocality. Again two decades lateing relevance of time and space
was experimentally questioned by thecstledbeforebeforeexperimentundertakerby
Antoine Suarez et al. (2002/8lso 1997, 2000, 20DIRecentlyEinstend eealismwas
experimentallyiolated byAnton Zeilinger et alin 2007 andy Nicolas Gisin et alin 2008
byviolatingL e g g et t 6 €2002,2@08 Endéahgiemgnalsoindependent from the
principle of relativity androm the constant speed of lightvas experimentally proven by
Nicolas Gisin et alin 2008 at Genevadn this experiment Gisin et al. found out that the speed
of entandgementcould be many thousand times faster than the constant speed of light
probably fager than18&. In an interview the coesearcher Cyril Branciard assutibat the
speed of entanglemerstprobably infinite® All in all these experiments, whietil have to do
with entanglementjiolate basic principles of the theories of relativitljcolas Gisin(2005)
stated

fln relativity there is spacéme out there. In quantum mechanics there is

entanglement.

7

Antoine Suarez supports this point of vieweé

0 éheresultofthebefore e f or e experi ment does not mea
withoutt i me and spaceodo, but rather that in ou
come from outside spatine, or, in other words, do not have any material
observabte origin.o

! See for examplattp://en.wikipedia.org/wiki/Principle_of locality

2 See for exampléttp://en.wikipedia.org/wiki/Bell%27s_theorem

% | am aware of the reservations against something faster than the constant speed. ddsighlly it is argued

that this does not imply any classical communication or signal transfer fast tBanl would like to ask what

has classical physics to do with quantum physics and why should there no communication be possible which is
based on quantum entanglement? One should not always argue with arguments which belong to a paradigm
which is already in questin! New realities need new argumenfghat is known is the fact that entanglement

vi ol ates Bépdiddd-oirnaqualviecddy seew &bodbus ¢2003) .

“Private Mail from 30. July 2008. Also in AHistory. T
http://www.quantumphil.org/history.htm he wr i tes at the end: AThe final roe
measuring devices rule out the possibility to describe the quantum correlations by meahslo€ks, in terms

of Abefored and Aaftero; nonl ocal guantum phenomena <c

This means there is no time ordering behind nonlocal correlations, so the causal order cannot be reduced to the
temporal one. Qantum correlations somehow reveal dependence between the events, or logical order.
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Alain Aspect, Anton Zeilinger, Nicolas GisamdAntoine Suarez are known sdoer
experimentabphysicists For example Alain Aspect, Anton Zeilinger and John Clauser have
got therenownedWolf Price 2010 for their work on entanglemémith their experiments
theyquestionestablished physical paradigms and theory constructspecidy TSR, a
theorywhichis alsogenerally acepted and empirically verifiedcor examplehe

combination ofQuantumTheory withTSRas Quantum Electrodynamics or Quantum Field
Theoryis seen as the most successful theory physicistsewvarecreatedt seems that
something is in a mess. This is nothing new when referring to the relationship of classical
physics and quantum physics since its beginnings. Byt then, do klsoassume that Albert
Einstein also laid the foundation for the derivatitom his Einstein realitywhen he

definitely rejected such a physical reafityy humble answemBecause ofhe possibility of
manipulating the corkorentz factorg of TSR in a waywhich Einstein suggesteahich
allowsstraight toderive a knownformula forquantumentanglement of photonshis should

be explainedfirst entanglement

2. Experiment of entanglement

The following figure serves as a short presentation of an experiment with entangled polarized
photons: (See Audretsd994)°

SIQ) :(;I S‘:b):ﬂ
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slg)=-1
Figure: 1
There is a source fgarametriadownconverted entangled photoi$iese atangled photons
are senin different directions to twdetectorsinalyzers. The detectors measure the

polarizationof the photonsThe angles of polarization can be expressed by an alternative +1

and 7T1. The usual <classical epwilldadaﬁibai):téamdy for

P (a) :l. The same is true fdx Now forcalculatingentandementformally we haveto
2

combine the analyzers atmitake the angles of tlamalyzerdor polarization in this way:
a
1b 5

Figure: 2
With regard to theombinedprobabilities this leads to:

Experiments show that this dependence, or logical order, is beyond any real time ordering. In the realm of the
nonlocal quantum phenomena, things come to pass butthdttnes n6t seem t o pass here. 0
® This Wolf price is seen as a step before the Nobel piticgh pityi or is unfairi that N. Gisin was not

included.

® As | already suggested an extensive study of entanglement is offered by Audretsch (2007). Aletitbr in

di scussion can be found in A. Aspect (2000): ¢éBell 6s
arXiv:quantph/0402001v1
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P..=P(a)codqg % cod$ g 26 h(s) =1
P..=P(a)sifg %sir’t ga¢agp =1
P =P (a)codg % cod$ g 26 h(s) =1

P =P (a)sifq %siﬁ gagdbp A

These probabilities have to be summarized to the combjmactumexpectation valuge?"
or to aquantumcorrelation coefficient

E(ap=r(%) PLD) P{D P(H
The combinedjuantumprobabilities as expectation vallEe" seen as guantumcorrelation
coefficient results in
E®(a,b)=co$ q sih qcesz
This can also be derived by real number trigonometry from the formula
cosa cosb -sin ain bC((s )if a = . Butit can also be derived from tbe Moivre

Theorenfor cos2a based on complex number trigonometry:
cos(2a) ZR(%( cof h +sif ))2%1 We have to find out what is more importanhich

means real or complex number based reality

Taking into account four directions of the analyzerthefpolarization experiment for

entangled photons including their angles:
a

=2

b
Figure: 3
one can derive a combined expectation value:
S(a) =(a\y Ha Eap Eab
Summarizing thguantumexpectation valuer the four analyzer&?" onegets:
S*(q) =3cos2 q cos6
which results irthe maximum value at 22.5 degree
s*(q =28) =/2 28284

Alain Aspect et al. (1982) present the following curve fitting the data (marks) of their
experiment for entanglement:

Figure: 4
Thetrigonometricformula for this curve is:



3cos2a - coH

What will become clearer in the next section, my interest consists in imaginarity. For example
this formulacan also be expresseasd thereal part of thecomplex or imaginarftulerformula

3ei2a _ éGa

The following figure representhe graph of theamaginary part of this Euler formula:
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Figure: 5
It can be seen thatithimaginaryamplitude is 4compared with the real amplitude of
2.828¢éI1t i s dghHemaximymdfapsine. t i mes

What does it imply? Imeanghattherecanalsobe an imaginary realitigeyond tke real or
classical expression of entanglement which is contained in its imaginari}lparone may
wonder but ng mainwitnessfor this thesighat naure can also be imaginaisg/Albert
Einstein himself. Hexplicitly introducedcomplex numbeimaginarity in hisTSR.Let me
demonstrate it

3. Imaginarity in the Special Theory of Relativity

't is known that Einstei n@éocxaledpsud&Eyclidant space
four-dimensional Minkowski spac&eferring to space coordinate differendesdy, dand
the timedifferencedt of the four-dimensional spacef STR, Einstein oférs the standard
squares of distances of Minkowski spaoe as:

ds = dX +dy €z edi
cis the constant speed of lighn order to conform to the usual positive definite Euclidian
metrichewanedt o get r i d o tdf&Fbrehathie imserted the imgginary 1

i =< 4 with the square of1.8 He writes @ | f  wxey, zr\/aptl by & .& ,%,%, we
also obtain the result that
ds = d¥ +dy €2 b
isindependemdf t he choice of the body of reference

"This is the formula expressed by the signattite+ ,+; there is the opposite possibility like 5 ,- .

8Of course the square df=+ 4 r esul ts again in T1.



Very important forISTR are theso-calledLorentz transformations Ei nst ei n st at es:
characterize the Lorentz transformation still more simply if we introduce the imaginary

i = 4ctin place oft, as timevariable. If, in accordance with this, we insert
%=X % =YX, z% J=le
eo (1961:139)
Einstein also says t ha tcooidivaet bpansmagimalgpl ace t he
magnitude\/z.ct proportionaltot . 6 (1961: 6 3)

Theseare the words oAlbert Einstein. Itake nog of the factthat today probably no physicist
refers to this imaginarity and mathematically on speaks simply of a p&aididian
Minkowski spacek;; or E , and allows squares &fl and - 1. But by the risk of repetition
for me a squaref a numberesulting in- 1 is still to explain! Science consists in
explanations and not in unexplaingetrets

Taking Einsteinds imaginarity for granted I
Lorentz transformations of STRhe Lorentz transformations are based orn_Lthrentz factor
g: (v = velocity of an object)

The Lorentz transformatisnof the four spacetime coordinates, z, ttan then be formulated
like this: (1961:37)

. X- vt
X' = =
Vv
b
Yy =y,
z'=1z;
v
t- 5 X
t'=—L
2
v
b

This is common knowledge but with regard to the Lorentz fagtof special interest. As
long asv<c there is no problem, but the problems arisewherc. Ei nst ei n writ es

velocity v=c we should have/1- v? / ¢ =0, and for still greater velocities the squaoet

becomes imaginary. From this we conclude that in the theory of relativity the velptays

the part of a limiting velocity, whichcane i t her be reached nor exce:¢
(1961:41) Thatis known as the postulate of the constant speed ofdidghit why can one

implicitly state because entanglement is faster than the constant speed of, ligat no real

body can be fasr than this constant speed of liglitls entanglement no real property of real
correlated photor’sThere istheknown relationship between matter and energy:

hn Emé -m #H /It

Therefore photons should also be o6real parti



Well,lhaveb een quoting from Einsteinds original w
presentation of his theories of relativior me d interest is the case that a velocity greater

than the constant speed of lightas to be imaginary®ne should listen whd&instein is

a r g u i for gtill gre&ater velocities the squareroot becomes imaginary What does it

mean?

If this would be the cassuch a reality wouldo longerbe compatible with owould no

longer bepart of classical physic3his is also exacttwh at a vi ol ati on of Be
tells us. Buthe experiments for entanglemestgygesthat ron-local entanglemerds a

vi ol ati on o fhasBoebe flaster than thegcanatént spegd ofdighterefore |

concludeas Einstein didt h sosnething fasterthaasd has t o ®Bhequestoas,i nar y.
how does it appear in the mathematfoamulas? Until now | could only suggest that there is

an imaginary part of the Euler formula for entanglemEgintstein refers to thienaginarity in

the Lorentz transformations. Thesansformationsre based on the Lorentz factdherefore

one should ask the questidi'hich relevanceouldthis imaginarityof the Lorentz
transformationsalsohave for the fundamental Lorentz factgr of TSR?In order to be able

to answer thigjuestion properlyirst one has to have a look into the definition of the
fundamental.orentz factorof TSR

Remark:

Ei n s ticedoesda say that theswould be faster thaoawhen hecombinedt with the
imaginaryi. Einstein argues classically. Higs never ever faster than lisThe imaginaryi
is an addendum, something ofgpitheton ornansnecessary for changing algebraic signs
when squaredVhat is needed isomethingoased ort but at the sae timebeyond the
restriction of theconstant , which means faster thanpand which appears with an imaginary
velocity. For example a photon faster thgibecause is based on thelassicalvelocity of
light! Only in the case when such particles e#i® Lorentz factor would be violated. We
know from the experiments by Gisin et al. that entangled photons are faster Tianefore
| have only to give proof of the fact that there are imaginary photons in oroeratole
violate the Lorentz factor!

4. Lorentz factor of TSR

The definition of the Lorentz facta@an bebased on the Law of Pythagoras as, for example,
illustrated in the following figure:
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Figure:6°

° This figure is taken from the book written by Jay Orear (1991:151).



Figure (a) represents two lightocks with two ideal reflecting mirrorg. is the time a light

beam takes to travel from the lower to the upper mirror. Every time a light beam reaches the
upper mirror, this c¢l ock At#R/k.sndigurebhtlee t i me
experment starts with the two nearby ligbiocks A and B. The lightlock B should moves

with the velocity? to the right. We get thigiangle cT, ¢ andnT . cT can appear as

something faster tham To avoid that could be faster than the presumed constant speed of
light c one can refer to the Theorem of Pythagoras and solveTit for

(1) =) {e)

Solving this equation foF one gets:

Without the this formula is theé_orentzfactor g already presented above.

The factor-~ = p is called thespeed parameter Wi t h i nTSRitis awaygsilessdhan
c

unity, and, provided is not zero,g is always greater than unity. As shown in the following
figure, g increases rapidly in magnitude asapproaches 1; mich means whemapproaches
C.
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Figure:7*°
It is assumed as evidenprovided the maximum constant speed of lighs an absolute limit
for velocityi that the greater the relative speed between A and B, the greater will be the time

intervalmeasuredy B, wuntil at a great enough speed,

Remark:
Now wehave agairthe followingcaseswith regard tor and the constant speed of light

Classical Classical limit Non-Classical domain
v<cC v=c -0 vV>C
real imaginary

The experiments for entanglement are undertaken with entangled phbemtanglement

would be faster thag thesephotonsshouldappeamsimaginary?But as we have seen what

really appears is still real number trigonometry; there are only hints for an imaginary reality
based on the-functionbehind the scen&he prevalent philosophy or ontolog§the science

of physicsdeclares, despite tHiendamentalmaginary Schrodinger equatiam Quantum

Physics that in Nature nothing can be imaginafperefore it is necessary for me to give
proof that in O6physi cmsbrllgéeasting This 6an selmmabéyt hi n g

19 This figure is taken from the book written by David Halliday et al., 2005, p.1029.
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demonstrang thatthere isa casef a strange behavior of photowkere complex numbers
and with them imaginarity ambsolutelynecessary to explain their strange beha¥\e.can
be happy,Hhis casen pointis the weltknownslit-experiment

5. Excursus Classical andquantum slit experiment

In the following | refer to the presentation of the-shperiment offered by the renown

mat hemati ci an and physicist Thaeg&mpRa nrdse ,Nee
(1999299-320), because it is a rare example of an acknowledgement of imaginarity in

guantum physic®enrosestatesclearlyt hat comp |l e x n udnmabbesrosl utoeullyd b
fundamental to the structure of quantum mech
mathematical nicetied hey are forced themselves on the attention of physicists through

persuasive and unexpected experimental @i¢t®ne could argue this is still a statement as

many others in theoretical physics, but | will demonstrate that especially tegpitiment

with photons and its results aret possibleto explain with real numbers, but only with

complex numbersi which means only with imaginarity! And this has, as we will see,

consequences for axplanation oentanglement.

Penroseffersthe followingfigure of a standard slit experiment with photons and its
outcomes

Graph of
intensity

Figure:8'?
Irritating is the fact that on the screen appear dots in the distribution of a wave. But if one slit
is closed there only appears a set of dots straight behind the open slit. Only when both slits
are open appear the waveform of the photons. Meanwhiles thisven also for fullerene
with 60 Gatoms! The waveform results from thealledconstructiveanddestructive
interference See for example the following figure:

J .. Oscillations
A —/YOC]™ cancel (dark)
S
. Oscillations
i /;M/\ reinforce (bright)
o

vAYA

2&

Figure:9'3
Photons, elementary particles or molecules can reinforce each othecerezeh other out.
This is very strange. Let my first try to explain it classically. With the twotsitelb for top
andbottomwe have two alternativesandB. A represents the route from the sowseta the
top slitt to the screep, andB the roue from the sourcsvia the bottom slib to the screep.
It is uncertain what photons are doing, but we can try to caldtdgimbabilities.

“"Penrose (1999: 305). In his other books, especially
Mystery of Camplex Number sé

25ee Penrose (1999:300).

13 See Penrose (1999:303).



In the classical case we could assume a weighted combination of these alternatives:
px o6alternative A6 + g x O6éalterna

Wherep is the probability oA happening and the probability oB happening. A probability
has to be a real number lying between O and 1. Probabifitglans 6 oehtaaipend, ar
probability O mansé c e rntoai n o habp p € b § . kgBathdile@aodhappen as

A

not O.

If AandB are the only alternatives, then the sum of the two probabilities must be 1.
p+q 4
This can always be prepared by normalizing, for examp|@iyg.

Coming back to the slit experimestdassuming a classical case, for example tennis balls.
There willbesome ProbabilityP(s,t) that the ball reaches the top hobdter it is struck as,

and some probabilitP(s,b) that it reaches the bottom hole. Moreover, if we select a

particular poin{p on the screen, there will be some probabil?t@t, p), that whenever the ball

does pass througtht will reach the particular point @ton the screen, arabme probability
P(b, p) that whenever it pass througtb it will reachp. If only the top holé is open, then to

get the probability that the ball actually reachesat after it is struck we multiply the
probability that it gets fromsto t by theprobability that it gets fromto p:

P(st)® P(t,p

Similarly, if only the bottom hole is open, then the probability the ball gets $ttomp is:

P(s.5° A b.p

If both holes are open then the probability is the sum of both path probabilities:

P(s,p=Hs}*Rtp #® sp $b)
If both holes are open, the probabilities for a ball going thratgb hitting the screen at or
throughb to p can always be %. See the following figfoe tennis balls

1/2
S<
1/2

Figure: 10
This probability distribution of %2 for tennis balls or other macroscopic particles is the same if
one of the sts would be closed or both slits would be open. Bistgrobability distributions
definitely not the case for photons where the probabilities appear as a wavaftmenscreen
Referring to figure 8rbm experiment it is known that the brightest poorishe screen are
four times the probabilities for when just the top slit is open, and therefore fous tirae
intensity which meangonstructive interferenc& he dark points or no points mean
probability O ordestructive interferencét the intermedite points we have ontwice the
intensity as just for one slidow could it be calculated compared with the @iabties in the
classicakase?
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In quantum physics there is the rule that we must take the squared modulus of the complex
amplitude to get the classical probabiligtst let me explain the logic of complex amplitudes

which play the role of probabilities. As in the classical case ithéine amplitude A(s,t) for

a photon to reach the top dlirom the sourcs, and an amplitude!\(t, p) for it to reach the
pointp on the screen from the sljtand we can multiply these two to get the amplitude

A(s.)® At,p

For it to reach the screenmvia t. the same is valid for the bottom slit

A(s.B* A'b.p

If both slits are open, then we hawetal amplitude

A(s,p=Ash A bp +As)b {ADb)
for a photon to reacpfrom s. And here we gehe completely different probabilities
compared with the classical casaw can we explain it mathematically? ONLY by using
complex numberdHow isa complex numbez = x + iy defined?Most easily with the help of

the sacalled Argandor Gauss plane:

A
Imaginary axis

4

y
/ L
K |

Real axis

x \

Unit circle

Figure:11
For the calculation of quantum probability we need the moq]uﬂ is simply the distance

from the origin or point O of the point describedzyhe squared modulus is simply the
square of the complex number x +1iy. It is by the Pythagorean theorem

7= % 4
If we would have two complex numbexsandz, there is the remarkable mathematical fact

that the squared modulus of the product of two complex numbers is equal to the product of
their individual squared moduli:
2 2 2
2w =[ 2] W

To come back to probabilities, we only have to replace real number weightings by complex
number weightings, for example instead of the real number alternptives 6 al t er nat i v
x 6 al t ewerhavetd cunsideBcombinations of complex numbers like

wAbal t er nakbiad ¢ eAdmat izze BO

Now for probabilities the squared moduli have to be 1
2 2
27+ 2
If they are not so normalized, then the actual amplitude& &mdB, respectivly, are
w/ (|V\42 +| z|2) and z/ (|V\{2 +| #2) . We can see that a probability amplitude is not really

like a probability after all, but rather more likeamplex square roaif a probability!
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With these O60complex probabilitiesd we can op
in analogy to the classical real number product of probabilities,t)3 A(t,g we now have

2 2 2
A [A LA FA sy A t)
However, if there is more than ormute available (e.g. if both slits are open), then we need to
form a sum, and it is here that the characteristic features of quantum mechanics begin to

emerge. When we form the squared modulus of thevguz, we do not usually get the sum
ofthersquared moduli separately; there is an ad

w+4" W [€ 2l £ cos

explained by the following figure:

Z+w

Real axis

Figure: 2
It is this correction tern2|w|7 cogy that provides the quantum interference between
guantummechanical alternatives. The valueaafsq can range betwedrl and +1. When

g ©° we havecosg 4 and the two alternatives reinforce aareother so that the total
probability isgreater thamhe sum of the individual probabilities (constructive interference).
Whenqg 480 we havecosg =1 and the two alternatives tend to cancel each other out,
giving a btal probability less than the sum of the individual ones (destructive interference).

Whenqg 90 we havecosg 9 and we get an intermediate situation where the two
probabilities do add.

Now let us consider the skixperiment when both slits areenp The amplitude for the
photon to reacp is the sumw + z, where here

w=A(s) 3At,) and z=(A b {AD,

1 Asthe brightest points on the screen we hawez(so thatcosq 4) whence
2 2 2
w+4" 2w 4w
which isfour times the probabilit;*w|2 for when just the top slit is opénand
thereforefour times the intensityconstructive interferencgyvhen there is a large
number of photonsn agreement with observation*
1 At the darkpoints on the screen we hawe= 1z (so thatcosq = 1) whence
2 2
w+Z" Fw W 0
i.e. it is zero (destructuive interferencajain in agreement with observations

1 Atthe exactly intermediate points we have izorw =11z (so thatcosq 9)
whence

“This 6four timesd al r e afdngtiornopthedaamula tbr emtangldmert. See figurms. gi nar
12



2 2 2 2 2
w+Z" Fw W[ w2 W
giving twice the intensity as for just one slit (which would be the case for classical
particles);again in agreement with observationis

So what? | am talking about photons ondi@ntum level, and they definitely appear as
imaginary photonswithout complex numbers there would be NO empirically validated
calculation of these quantum probabilities referring to theexzfierimentBut physicists
could argue, well, but we squareatssolute value and it is agaapositive real number
reality, only restricted by probability.

Itisthetruth,mst physicists cling on real number s
natured, the most amusing explanation is the
provides a calculation procedure for computing probabilities and not an objective pfcture

the physical worldOne could answekVell, one should tell this philosophy the photons

switching through the slits in the sékperiment painting a wave on the screen that this

behavior would not be an objective picture of their physical realitytore@an my mind this

philosophy of a singular real number natural reality is nonséesene go a little bit deeper.

RogerPenrosalsointroduce aguantum stat¢1999:314)For that &t us imagine a single

guantum particle. Classically, such a partisldetermined by its position in space, and, in

order to know what it is going to do next, its velocity (or equivalently momenum).
guantummechanicallyevery single positoh hat t he particl e might ha
available to it. These alteatives can be combined together with complarmber weightings.

This collection of complex weightings describes the quantum state of the particle, called a
superposition. It is standard practice, in quantum theory, to use the Gree¥ |dtiethis

collection of weightings, regarded as a complex function of poditaailed theSchrddinger
wavefunctioror i equation of the particle. For each positiothis wavefunction has a

specific value, denoted Qy(x), which is the amplitude for the particle to becaiVe can

use the single letteY to label the quantum state as a whole. Therefore the physical reality of

the particlebdbs | oc at iYo whichmeansia cothgex drjmaginerg g u an
reality of nature! The probability of finding a particle at a particular pqiiita detector were

to be placed at that point, is onbtained by forming the squared modulus of the amplitude

y (%)
y ()

which is the square of the distance of thecurve from thec-axis. How could we imagine
this in the imaginary domainfl astandard real number Cartesian coordinate systeyn, if
had been a real function, we could have imagingekyds perpendicular to theaxis of
plotted the graph of

d
|
il
‘

xV

Figure: BB
However for the complex case we need a comyplaxisi which would be an Argand or
Gauss plane of a complex numiban order to describe the value of tth@mplex functiony .

This can be done as demonstrated in the following figure:
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Figure: 4
Now to form a complete picturd this kind, for the wavefunction throughout all of three
dimensional space, five dimensions would be necessary: three dimensions for the Euclidian

space plus another two for the Gauss plane at each point in which ;o(;xl))tBut we can
simplify this picture. If we choose to examine the behavior of a wavefunction along any
particular line in physical space we can do so simply by taking-auis along that line and
provisionally usiig the other two spatial directions/dimenssas providing the required
Argand/Gauss plane. This will prousefulto understand the twslit experiment.

It was mentioned that classical physics needs to know the velocity or momentum of a particle
in order to determine what it is going to dext. h quantum physics the wavefunctign

already contains the various amplitudes for the different possible momenta. To find it out is
called theharmonic analysi$o the functiony .

For my interegmore inteesting is the appearance of such gunction for a momentum. It
looks like acorkscrewor helix

Az

~

Figure: B
Each of a given corkscrew or momenturrgwJ state can be given the expression
y =™ god ipx /) isif ipx k)
This isonly amorecomplicatedversion of thesimple famougculer formula
€?=cos g #sin ! But one should realize that now also the cosine is imaginary regarding the
exponent (=anglé)Penrose offers a picture of the tsiit experiment in terms of the
corkscrewdescriptions of the photon momentum states:

d

P Displacements
opposite: dark

Gww (0
M @ S @ mamts at
0

intermediate
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Screen
Figure: B
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Remark:

| would state that imaginary photons are evident, iif th@antum natures acceptedBut if

they move like waves or corkscrevd® they alsanovebeyondthe constant speed of ligtf?
Usually quantum theory and also the most successful quantum field theory is also based on
imaginarity but nowhere is there a violation of the dogma of the constant speed of Bght

we know from experiment that entangled photons move faster thanrnstambspeed of light

c. Now we have imaginary photons. There is no other explanation regarding the physical
realities of the sliexperiment. But are these photons faster ti¥alfi they would be entangled,
they must be faster thanThereforel have togive proof tharegarding the skexperment

there is also entanglement.

6. Entanglement and the slit experiment

In the following figure already presented further above | have introduced a source emitting
two entangled photons reaching the top and theimostit:

m k
/
— _ |
n I
Graph of
intensity
Figure: 17

Let me first assume there would be no slisdimply a screen with two detectdos

entangled photon® andn. In this case walreadyknow what is happening, because | have
represented it furthexbovein section 2 But if we would assume that the rules of calculating
probability amplitudes would also be valid for these entangled photons wecadailate the

probabilities for both waykke:
A(s.)3 A(s.B

Now taking m= A('s,) and n= A(s,§ we wouldalsohave simple complex number

multiplication of mQn. What is a simple complex number multiplication? We have to go back
how it is defined byakingin accountwo ordered pairs of real numbexsandb as(a,b):

(ab)c,d Eac bd,ad Be as ad+ bc +
This can also be defined geometricatiythe following way

A ~

The geometric representation is equal to the product of two order pairs or real nseeibers
in thepolar representation:
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(ab)(c.d=rdcof i +)ysit i)k y
=rs(cosjcos y €os §in ycos siy sjn -cof
Rearranging this formula a little bit due to my interests we can get another representation of
the geometrical definition of this multiplication of ordered number pairs. For example take for
Q=(c,d) andfor P=(a,b), or P=(a',b), Q=(b,b) and R=(a',a( b,b) . With this
rearrangement we can get an isomorphic representation:

a=t b=s

It leads to*°

(a',a)@b,b) ='b ab ak at
Comparing this formuldelow the figurewith the combined correlation for entanglement
already presented further above

S(a) E(a'f) Hay Kap Eab
one could interpret this geometry of the angles as the composition of the four detectors for the
experiment oentanglementhere are isomorphic structures.

This is the case in front of the slits. What would happen behind the slits if entangled photons
would go through the slits? The answer is amazing: The same as in front of the slits. For that |
have alreadynserted an amplitudewithin theblack-box of the slitexperiment. This is, as

we already know, also a complex nhumber. Now we can calculate the product of two complex
numbers as it was undertaken by Roger Penrose. It is, in one way or another, the same as that
for entanglement! One has onlyteke a haliv anda halfz of the Penrose model, because for

my two complex numbens, kandn, | and Penrose takeither onew or onez. Penrose gets

for the intensity of photons on tisereen 0,2|W|2and 4|vv|2. Taking ¥ we would ge|lw|2 and
2|vv12. Forw as22.5 degree we would also get the valoeg2 and 2/2.

This is, as | already said, amazifighas the consequence that the quantum dynamics of the
slit experiment with photons is more or less the same as that for entanglement of photons!
Which means, there is no great difference between both quantum physical realities? This

implies that entangiaent IS a fundamental property of photons, which means of energy!

With it we come closer to a property of the Lorentz factor if it is violated by imaginarity. Let
me come back tthe complex amplitudes for the photons in theestperinent with the
segence

15 This can also be seen in analogy to the multiplication of two complex numbers

(a+ib) @ i) aa iab+ iba +bt.
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2 2
0, 2w", 4w
The |vv|2 is formally seen nothing else than the multiplication of a simple complex nwmber

This can result irey/2. This introduced inv above we would get

0, 242, 42, &2

It looks like number mystics, but it offers us a hidden structure whictapgléain the next
section when | discuss the violation of the Lorentz factor. Let me offer the following figure:

2

Figure: B

Remark:

Until now | have not proven that photons in the-akperiment would be faster than the
constant speed of liglet but | coutl prove that the behavior of the photons in the slit
experiment is the same as if they would be entanglecausesntangled photorisave tobe
faster than the constant speed of ligkitshould also be the case in the-skperiment? |
assume until nowo physicist has ever measured the speed of photons during a slit
experiment, because itadreadyknown to them: It iginite c! But whenthe design of an
experiment for entanglement is the sam#hasfor a slitexperimentwe should have
something faster thast Now my argument: If this would be the casentithe Lorentz factor
has to be violated and the result of this violasbould be the same #ee results for
entanglemenbr the slit experiment! That would be grebtt what does it mearit?simply
means, imaginarity has to be part of the Lorentz factor and because of it the violated Lorentz

factor should generate the sequeﬁcaﬁ, 2/2, 4/ 2,..etc.l assume this will sound strange
for physicists, but is ca@equent iteferring to the Lorentz fact@omething faster than the
constant speed of ligletis equivalent with imaginarity.

7. The violation of the Lorentz factor by imaginarity

In order to remember, the Lorentz factor was derwa the formula of Pythagorasferring

to figure 6 above
(cT)' =(nT)" {c)”
It results in
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Behind t is the Pythagorean triangle

v
Figure: ®

In order to understanuy argumerg betterlet meintroducethis Pythagorean triangle in a

sequence of three abstract triangles:

a) b) c)
/\ c M le %\ il
v le 1

Figure:20
Case a) The Pythagorean triangtepresentshe usuatlassicabasis for the Lorentz factor.
In this case w havedeabEinstein photons fdboththe x- andy-axis with hypotenuses X,
which means botphotonsshould obey the constant speed of lighthereforev could also be
c. v=c. This leads to a Lorentz factor of zero which makes classically seen no sense at all
because it is not defined

Case b)Nextlet me assume th#te constant speed of lighof these real Einstein photons
can be normalized todndinstead of Xresulting in ahypotenusedi.

Case c):Now takingimaginaryphotons for exampleof the slitexperimentinto accountlt

has to be defined in the way a complex number is deflaedmplex number consist of a

real axisx and an imaginary axiy. It defines a Zlimensional square. We have already seen
further aboe that such photons movea#rgand or Gaussplan along a reat-axis.

Referring tothe logic of the definition of a complex number we should megEEinstein
photons referring tthe x-axiswith real value 1 and imaginaphotonsreferring to they-axis

i1l. Thisalsoresulsin a hypotenusesﬁ _

Finally the magic act Inserting this imaginany=il and v =1 into the Lorentz factor we get:
T= 1 _ 1 _1 1
1 P i+l V2
1- = 1-—
[ -1
At a first glancethis equation does not seem to make much sensé/ g is the value of
the projection of the hypotenuse or diagonal to its siadey. There is a cryptic logic behind
this imaginary Lorentz factor scene.
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Now the main question A real or complex Pythagorean triangVéh sides lhas a
hypotenuses 0{/5 We already know thatganglement appears as the doubl@. Could

there be aelationship betweethis imaginary Lorentz factoof 1/42 and this 2«/5 as the
maximum value for entangleméniFor an answer let me rewrite the Lorentz factor, now with
ahypotheticahegativephotoni 1 and negative imaginaphoton - ic :'°

247

c=-1

Figure:21

Inserting theenegativevalues of the sides of this lower left squaiato the Lorentz factor
alsoresults into

1 1 1
X= =

\/_-1 \/ 1 :/1}_\/%

12

-1 1

Surprisingly we get the same result as before in the positive case. This implies that the
positive and the negative case of imaginamgtons canndie distinguished from each other,
which meansin the case of imaginary photone have to take bothositive and negative

cases into considerationdhd what does this imply? A diagonal 2 tim&which is 2/2.
In section 2ve have got the result for entanglement as
3cos2a -coH a eoR ace’ @3+  Cc@s

andfor 22.5 degreave get

1 1 1 1 1. 4

—+— +— 4+ 4=—0— :2\/5

V2 2 V2 J2 242
What then could these four timé$+/2 be regarding the Lorentz factor? The following
figure of projectionscanoffer an answer:

% This plus and minus side of theaxis of the basic imaginary unit square can also be interpreted as two
entangled photons moving in different directions.
n order to eliminate the minus signs of the left side of zero, one should see every valuesadusa addue.
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Figure:22

These four projections df/ J2in addition are exactly the values how entanglement can be
calculated referring to four analyzers measuring polarization in an experiment with entangled
photons Because the diagonal of figu2e refers o the opposite sides of the triangle with

absolute value o|12| 18 the projection of+/2 to its sides leads to
2 _1
22 2
Now an important mathematiciact This._diagonalzx/i canbe easilyexpandednfinitely,
for short expressedby( even) Y B, anhkalwaysresutgie enough t
1
2 V2
Now the wonder. For n- & this implies arinfinite speed ofentanglement or better

infinite instantaneousity, alreadyexperimentally proveby NicolasGisin andCyril
Branciard in 2008butwhich always appeardassicallyas classical photons with constant

speed of light equivalent to the projectiob/ \/E! This islike a wonder, bualsoa fact of
the imaginary quantum nature.

If we compare this figur@2 above with the figuré&8further abovet is possible tamagine
thisimaginarystructure in nature. Entanglement is everywhere in the imaginary quantum
domainof nature and can for example appedassicallylike the slit experiment of photons

with maximum probabilities of
0, 242, &2, 82
or otherwisdike a sequence of
ol 12 14 18 n

V2 22" al2'8[27 'ny 2

181n this case we have to use the absolute val42|cb‘ecause of the plus/mimngides of the axis; otherwise it
would be zero.
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8. Resume

In orderto remember the chaof my argumentations | would like to offer a final roadmap of
the most important steps:

N. Gisin: entanglement is infinite ElllStell_l: E.on?m:?f?;crc?r
Iz entanglement imaginaiy? everything = ¢ =imaginary
»lr Slit-experiment l
cos2a
3cos 20.—cos 6o Penrose: ic
9 \/5 imaginary
l c
’ v
. . 2|w|
Entanglement = slit experiment «—s
l AW - 242
Entanglement <> imaginary |« » | Imaginary < entanglement

Consequently entanglement violates the ,constant speed of light ¢

Consequently entanglement violates Bell ‘s inequality <2 by 2\/5

Niclas Gisin:  “In relativity there is space-time out there.
In quantum mechanics there is enfanglement.

There was first the question could entanglenséphotons with probably infinite velocitye

based on imaginarityPo answer this question | offered a mathematcallysis othe

behavior of photoneegardinghe slit experiment with the result ththeir special behaviayf
constructive and destructive inference cannot be explain with the help of real nuhhiers
means iis fundamentally based on the field of complex numbers, which means on
imaginarity.Furthermord could demonstrate that entanglemehphotonss isomorphic

with the imaginary state of the arft photonsof the slit experimentThis allowed the

conclusion that entanglement of photons is based on imaginarity. Now we know that it is also
of infinite velocity. That was already the case which Albert Einstein found out referring to the
Lorentz factor in his theory of special relativity: Everything evhis faster than the constant
speed of light has to be imaginary! Now entangled photons are faster than the constant
speed of light and are imaginary. There was only the question how would it be possible to
derive entanglement from this imaginary Latzfactor.l could demonstrate thatich

imaginay photonantroduced into the Lorentz factor resudtsaightasthetrigonometric

formula for entanglement. Thagainhas the consequence that entanglement is faster than the
constant speed of liglet what was aleady stated by Albert Einstein when he spoke about this
0spooky act i.hkseenahe cileiddlosedlanc e 6

In the headline of this article | state that Einstein unintentionally has invented entanglement.
How can | state this if it iknown that he definitely questioned the existence of entangl@ment
My humble answer: Because of this rejection and because of hisgkyund with
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imaginarityi! He knew exactly what was at stake if he would have accepted entanglement as
this O6action at a distanced, namelcyfThish® met hi n
declared as a once and for all time dogma as the base of his theories ofyrefatd/he

knew also what would happen if there would be something faster than the constant speed of

light c, namely imaginarity. And as a third argument one can argue he was it who combined

with ¢, and thisc could only refer to photons! Therefore:

fager than c + imaginarity + photons = entanglemgnt

Therefore loffer my thesis that Albert Einstein unintentionally invented entanglement. So to
speakhe is for himself to blame for it!

But what does it mean philosophically séeentanglement is fastéhan the constant speed
of light c and also imaginaf/n this paper | can only answer provisionaltycould mean that
there arehlireedomains of nature

1 thefirst based on the model ofassicalphysics

1 the secondsa mixture of classical physiegth quantum physics

1 thethird asa pureéimaginaryquantum domain,
The firstis based on the field of real numbgbsitthe secon@nd thirdon the field of
complex numbersThis | have already offered further above in a table at the beginning of this
article.A watershedsalsoBe | | 0 s :ievergthing avthat ig <@ is classical, everything >2
is quantumlike But as we have seen, thean beothercriteria the constantgeed of lightc.
In this caselte Lorentz factor operates like a Switch board for different realities:

T Givenv<c the physical reality is classical real number realitgd quantum complex
number reality of the Standard Mogdel
T Given v > c the physical reality ipurequantummaginaity.

Classical Physics Classical Physics +Quantum Quantum Physics based on
Physics (Standard Model) entanglement
Real numbers Complex numbers Complex numbers
<2 <2 >2
v<c v<CcC V>C

| admit, this model is not easy to accept and can be questioned but | think it makes sense.
What will evokeresistancdeyond the thesis of something fagteanthe constant speed of
light cis my distinction between imaginary and real physical realiti@sceptthis doubtdut

| cannot agreavith it, because as | could demonstrate thewe tbe different physical
realitiesreferring eitherto v<c or v>c. It was already certain for Albert Einstein that f

v > c theLorentz transformations and finally tkteeories of relativity are no longer valiolut

this reality is definitely imaginargs Einstein already concedaad t has a name, namely
ENTANGLEMENT! And this is infull agreement with thexperimental resultsf Nicolas

Gisin. The imaginary reality | have in mind is a reality without classical space andTimse.
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means therbas to ben imaginary reality of nature beyond classical physics and the
Standard Modet®of quantum physic#gain the statement of Niclas Gisin:

Aln relativity there is spacéme out there. In quantum mechanics there is
entanglement.

A final remar k about t hitasalmtfoganyadmmunécationc i t y 6

| agree, but | did not talk about tHimited classical property of communication. | was talking
aboutuntlimited non-classical entanglement as a rdassicabase for a nowlassical

guantum communicati Whepnt Eanédsei hespgokkeenboate
a distanced then | will speak about a O0spook
classical ears. Fornem!l assi c al ears it wildl be abdbcommun
Last but not least: It edd also be argued that the concept of energy will be questioned

because it will become instable, if, assunied m¢, something will be faster tham This

assumption is true, seen from the classical side. But seen from tioéassithside it can be

false, because we know th&1% or our universe consists of-salled Dark Energy. Well, this

6Dar k E like enanglémeigsmething beyond classical Einst&nergy E = mc. |

will come back to this topic in a fttrcoming paper.

19 See for exampléttp://en.wikipedia.org/wiki/Standard_Modetill, the standard model falls short of being a
complete theory of fundamental interactidresause it does not incorporate the pts/efgeneral relativity

such agyravitationanddark energywhich is 74% of the univers&he theoryalsodoes not contain any viable
dark matteiparticlewhich is 20% of the univerdbat possesses properties deduced from observational
cosmology It also does not correctly account fautrino oscillationgand their norzero masses).

23


http://en.wikipedia.org/wiki/Standard_Model
http://en.wikipedia.org/wiki/Theory_of_everything
http://en.wikipedia.org/wiki/General_relativity
http://en.wikipedia.org/wiki/Gravitation
http://en.wikipedia.org/wiki/Dark_energy
http://en.wikipedia.org/wiki/Dark_matter
http://en.wikipedia.org/wiki/Cosmology
http://en.wikipedia.org/wiki/Neutrino_oscillations




