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So far no mechanism is known, which could connect the two measurements in an Aspect-type
experiment. Here, we suggest such a mechanism, based on the phase of a photon’s field during
propagation. We show that two polarization measurements are correlated, even if no signal passes
from one point of measurement to the other. The non-local connection of a photon pair is the
result of its origin at a common source, where the two fields acquire a well defined phase difference.
Therefore, it is not actually a non-local effect in any conventional sense. We expect that the model
and the detailed analysis it allows will have a major impact on quantum cryptography and quantum
computation.
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Overview

The problem

Densities and wavefunctions

Experiments:

— Accelerations of electrons
— Stern Gerlach experiments
— Double slit interferometry
— Bell-type experiments

Towards a nuclear model based on densities



* Implies: — ~
— That electrons are point particles ?

— That their electrostatic energy is infinite ?

— That wavefunctions do not have physical reality ?

— That measuremerntsssa+aT0T be arbitrarily precise




Introducing: Scanning probe microscopy
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What the scanning probe measures in all these experiments is the
two dimensional distribution of the density of electron charge.




The Ag(111) surface with adatoms

Quantum Corra
Ag on Ag(111)

Pixel: ~ 20p

Numbers:

Temperature [1]: 5K

Distance of atoms:
290pm

Wigner-Seitz radius:
106pm

Band energy at E;:
80meV

Maximum energy AE:
80meV

Lateral resolution:
20pm

Vertical precision [2]:
0.05pm

[1] Rieder, Phil. Trans. Roy.Soc. A 362, 1207 (2004)  [2] Gawronski, Science 319, 930 (2008)



Maximum energy and local uncertainty

* The maximum available energy for an electron at the
Fermi level is the band energy of 80meV:

Ap = p(80meV )=+/2mE =1.53x10*°kgms™

AX = AX(Ap) > M _348x10"°m =348 pm
2-Ap

e Statistical distribution of measurements of point-like
electrons W|th this local uncertamty
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Statistical analysis of experiments

e Standard deviation of a measurement of x-coordinate:

1 9 1
Ox = N?‘;N(ﬂ?z‘ — ()", ()= N

e Maximum standard deviation:

0.1pm
A y N
22 <03% = (Az(STM) > 30(AE)

20

| ‘ 13.6% 13.6%I |

30pm

e Result for surface state electron on Ag(111):

30(AE)~800pm
Distribution last slide: o0 = 280pm

=( AX(STM ) <<30(AE)
Contradiction!



Result of the statistical analysis:

 Under the assumptions that

1. The electron is a point-particle
2. The uncertaintv of lacatinn ic related tn the 1incertainty
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e We find

1. The Heisenberg, uncertainty, and the scanning tunneling microscope
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We show by a statistical analysis of high-resolution scanning tunneling microscopy (STM) exper-

® CO nCI us iments, that the interpretation of the density of electron charge as a statistical quantity leads to
a conflict with the Heisenberg uncertainty principle. Given the precision in these experiments we
1 The find that the uncertainty principle would be violated by close to two orders of magnitude, if this

interpretation were correct. We are thus forced to conclude that the density of electron charge is a
2 Th e physically real, i.e., in principle precisely measurable quantity.
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Wavefunctions and densities

Erwin Schrodinger Walter Kohn
Born Vienna 1887 Born Vienna 1923

1. A system is fully defined by its wavefunction of electrons.
2. A system is fully defined by its density of electron charge.
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Unconventional Approach to Orbital-Free Density
Functional Theory Derived from a Model of Extended
Electrons
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Abstract An equation proposed by Levy, Perdew and Sahni (Phys. Rev. A 30:2745,
1984) is an orbital-free formulation of density functional theory. However, this equa-
tion describes a bosonic system. Here, we analyze on a very fundamental level, how
this equation could be extended to yield a formulation for a general fermionic distri-
bution of charge and spin. This analysis starts at the level of single electrons and with
the question, how spin actually comes into a charge distribution in a non-relativistic
model. To this end we present a space-time model of extended electrons, which is for-
mulated in terms of eeometric aleebra. Wave prooerties of the electron are referred

v

v




Wavefunctions

2
S=EH =e1e2E0H) sin’ (Tnz — vat) .
S=ie3S,

2
S = EyHo sin? (Tﬂz — QJTUI) ,
§ = Sosin’ (QT”Z_QM), S0 = ExHo. Spin component

U=p? 4 SV2e1ep = pl/? 451 %e;. General form of a

Ut = )12 4 520 — V2 _ 512, wavefunction

WTW=p+S=po=constant Born rule

1m|_ /771’ \ /7‘17 \-l

1. The group velocity is equal to the velocity of the electron (de Broglie)
2. The frequency of the wave is proportional to the kinetic energy (Planck)
3. The total energy is the energy of its inertial mass (classical mechanics)




Many-body
Wavefunction

Schrodinger
Equation

Density

Spin density

Many-body physics

W= pl/2 4 jess/2,
1
I:_Evz T Vext 1 Veff,0 1 ievvii| ¥V =puw,

po =V,

A(r) =esS'/?,

Bivector potential Many body interactions

Coupled
Schrodinger
equations

Vo () = Vexr + Veff,0,

|
{—Evz + vp(r) — ,u-‘ p!/*(r) =T(r) - A(r),

Advantage: the many-body wavefunction in this
case has only 4 instead of 3N variables

r) x A(r).



Energy changes

 What happens if an electron accelerates (decelerates) in a static field?
1. Its velocity will change
2. lts density distribution will change
3. Its field components will change
4. The external field will change due to energy transfer

e Comprehensive description:
P P ‘Local’ Ehrenfest theorem

* Internal changes:

o+ 8§ = pg = constant.

Energy is shifted
dve from mass components
dt to field components

. d
S+p=0 — E(¢§¢5)v=ﬁ0

Wavelength changes because of energy redistribution



Electrons in static magnetic fields
dv

pga =p0(E4+vxB). Free electrons: Lorentz forces
q de, 4B\ Constrained trajectory:
sesS g Toomstesx (“ . E) rotation of spin vectors
Stern-Gerlach experiments:
J /1_
3:?5—) e Standard model:
— Spin is isotropic
— Measurement breaks spin isotropy
— No process to explain symmetry breaking
So * New model:
— Spin is isotropic
— Measurement induces spin components aligned to field
— Measurement measures induced spin components




Double slit experiments

/ .—
e —— | b
I 3 @
. o " . Q
Single Virtual Virtua Single
particle particles [ particles particle

* Conventional model (Feynman path integrals)
— Assingle particle splits into virtual particles
— Each virtual particle passes one slit

The problem: No physical process is known which could account
for the creation of virtual particles and their recombination
after the interferometer.




Model due to Duane and Lande [1,2]

Thermal
broadening _ _—
@ ‘if;:&;—{i—{: e
e —> e
O\ =———
Single Single Discrete lateral
wavelets wavelets | momenta

* Duane-Lande model:
— Single wavelets interact with the slit system
— The interaction spectrum of the interferometer is discrete
— Wavelets acquire discrete lateral momenta

Note: The slit environment is composed of atoms in a regular crystal lattice.
Such a system always has a discrete interaction spectrum depending on the
chemical element and the crystal symmetry.

— Perform interference experiments at 4K
1W. Duane, Proc. Nat. Acad. Sci. 9, 158 (1923);
2A Lande, From Dualism to Unity in Quantum Physics, CUP (1960)
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Large molecules
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The molecular beam profile without the grating in the path of the molecules.

Quantum fiction: wave properties

1Zeili

of large molecules?!

nger group: Nature 401, 680 (1999)

: o, T e
Ié.yx By munu“m“" —
= ol T M

FIG. 1. (Color online) Experimental setup. The three gratings
are used for coherence preparation, diffraction, and detection. Path-
dependent matter-wave phase shifts in the external field lead to a
deflection of the beam profile at the position of the mask grating.
The lateral shift As of the interference fringes at the detector is

PHYSICAL REVIEW A 76, 013607 (2007)
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FIG. 2. (Color online) Deflection of a Cg, beam with

v=117 m/s and 0,=8%. A phase shift of A¢=1 is obtained at a
voltage of 6 kV (full circles). The open circles represent the refer-
ence at U=0 kV.

To monitor and numerically compensate for drifts, an ad-
ditional reference point (with U=0 kV) is always included
before and after each high-voltage deflection scan. From the
interference curves thus obtained we extract the voltage de-

Quantum fact: fringes due
to interactions between
molecule and slit
environment?

2Berninger et al.: PRA 76, 013607 (2007)



Aspect-type experiments

-B A 0 A A
||
b

‘
Photon2 Source Photon 1 Filter 1

* Assumptions:
Polarizer 1

Rotator 2 Rotator 1

Filter 2

Quantum theory is complete
2. Correlation due to common source

R(z1) = exp(eiez)esz; 2w/ C

R(z3) = exp—(ejez)esze2m/A _ QD

R(p1) = expiz 2m/) = et Rotation 'll

R(pa) = exp—i(z2n/A+A) = e~ HpatA) E

p(pi) = (R(R(9)))’ o O
Filterin

p(e1,02) = [R[R(p1) - R()]) =¥

CT = €77 =cos” (1 — p2) Coincidences

Ct= = C T =1-cos?(p1 — )

E(p1,02) = 2cos” (p1 — ¢2) — 1 = cos2(p; — @2) Aspect 1982




Experimental results and Bell inequalities

o1 = 0,¢] =45, = 22.5, ¢, = 67.5,
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5(9017

Front. Phys., 2012, 7(5): 504-508
DOI 10.1007/s11467-012-0256-x

RESEARCH ARTICLE

Solving the Einstein—Podolsky—Rosen puzzle: The origin of
The pr non-locality in Aspect-type experiments

F Werner A. Hofer

Department of Physics, University of Liverpool, L69 3BX Liverpool, UK

E-mail: whofer@liverpool.ac.uk
Received May 2, 2012; accepted June 7, 2012

So far no mechanism is known, which could connect the two measurements in an Aspect-type
experiment. Here, we suggest such a mechanism, based on the phase of a photon’s field during
propagation. We show that two polarization measurements are correlated, even if no signal passes
TV\. from one point of measurement to the other. The non-local connection of a photon pair is the
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Therefore, it is not actually a non-local effect in any conventional sense. We expect that the model
and the detailed analysis it allows will have a major impact on quantum cryptography and quantum
T h e computation.
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Electrons and neutrons

n%-> p*+e +0.782 MeV
Scattering on neutrons?:

Charge distribution

47T rzpe

Radius [fm]

Question: Is there a high-density phase of electrons in nuclei?

Littauer et al. Phys. Rev. Lett. 7, 144 (1961)



Energetics

]. Te ]_ ]_ 62 El i~ fi .
0 2 - N ectrostatic field:
We — 5/ 5|E| dV = drreg a ~ lleV hydrogen electron
®.@]
, 1 e? P
Wn — — ~0.960MeV Electrostatic field:
© 4meg Ty, neutron electron (1.5fm)

The electrostatic field energy of a high density electron is
sufficient to explain the excess mass of a neutron

. h° 1 €?
. —2ar — — QT e . = _
pl(r) = poc wir) = vae ™ (=gA= =) () = Ev
Density and wavefunction Schrodinger equation
y
—h*a?  2h°« €2 2h oy e? me?
( 2m omr 477607’) vir) = By(r) omr  Armegr 0 ~ “= dregh?

Characteristic equation Solution



Length scales and energy scales

2.101 x 1075 . . .
a = al = (h = 6.672 x 107%4) Length scale in atomic physics:
I

— 1.80 x 10" [m ] depends on Planck’s constant
1.89 x 1010 Constants in nuclear
h, = zh a, = — [m_l] : _ :
72 environment (a,= Bohr radius)
_ — QT 2 B = Eq
h(r) = v/poe an=a"-ap  By=—3

The decay length, the unit of length and the unit of energy
all scale differently in a nuclear environment

<_%v2 _ 1) b(r) = E(r) Schrdédinger equation:
nuclear units
Wn -

.
- Total
27.211]
4moa0 2$2 @@)x 7.211[eV] otal energy

The total energy depends on the neutron radius and the scaling factor x




Fine structure constant and unit energy

r.=1.37 fm:

1
2 _ 2
YT AR T

o, equal to the scaling factor of nuclear units.

an

18779
E, = Ey x 18779 = 0.511 [MeV] = m.c?

=281 [fm]

Energy unit equal to the rest mass of electrons.

Energy [MeV]
A

1.038 —

0.782 =

state

0.000

Transition

/

Metastable

state

Neutron:
Energetics

Groundstate

Reaction coordinate




Nuclear shell model

* If neutrons are composite entities then
— Nuclei are composed of protons and electrons
— Protons are immersed in negative charge

— Inter-proton distances are equal




Six things to remember

The uncertainty relations are violated by up to two orders of magnitude
in thousands of experiments every single day.

Wavefunctions themselves are not real, but their components, mass and
spin densities, are real.

Rotations in space generate complex numbers, which are not described
in a Gibbs vector algebra.

Double slit interference experiments most likely show two features: a
discrete interaction spectrum with the slit system and a thermal
broadening due to environmental conditions.

Based on the experimental neutron radius we are led to conclude that
the fine structure constant describes the nuclear energy scale.

Closed shell nuclei could be due to the geometrical arrangement of
nuclear protons.



Three things | have learned

 Mathematics is not physics

— Mathematical models must be based on a sound
understanding of physical processes

— Proper mathematicians will invent a new reality if the
existing one contradicts their theorems

* |tis easy to come up with complicated models

— It is much more difficult to develop simple ones

* |fit’s weird, it is probably wrong



Thank you for your attention



Electrons in electrostatic fields

Uzl
76 — We| = Wph — Om-

Photoelectric effect: (Hertz effect, 1887): the kinetic energy of an
electron subjected to electromagnetic fields of frequency w,, is
reduced by the electrostatic interaction within the metal ...

Wel(Pm) = wg; — Om.-

Physical process: the frequency of an electron is reduced in the
presence of an electrostatic field.

2
),
Consequence: —Evzws = jellffs = woVs,
Modification of 3
Schrodinger i@lﬁs = (w0 — Pm) Vs,
equation S 1
. S 2
2 == V2 4V |y
ot [ A ]WS



Energy and wavelength

| 1
Efeld = 56052 + §M0H2

1 1 2w
= (56083 + E;LOH%) cosz(Tz —2mvt + (,'5).

1, 1\, (2
¢ = =  Efela= 56050+§ﬂ07'(0 sin Tz—2nvt

1 2
Eiin = —povgl |:1 + 2 cos? (—nz — 27rvt) — 1j| )
4 A
1 1 2 2
E, = povfl + Zpovgl |:20032 (72: — vat) + 25sin? (Tnz — ZJrvt) — 1}

Total energy density

do  d(mvy/2h)
dk  d(mve/h)

Vo = —v,;. Group velocity

1. The group velocity is equal to the velocity of the electron (de Broglie)
2. The frequency of the wave is proportional to the kinetic energy (Planck)
3. The total energy is the energy of its inertial mass (classical mechanics)




If the density of electron charge is a statistical
guantity, then

e A measurement of location is a measurement of a statistical
ensemble.

* And this statistical ensemble must comply with the
uncertainty relations:

J. L. Park and H. Margenau, Int. J. Theor. Phys., 1968, 3(3):
211

See in particular page 213, “Many gedankenexperiments
have been designed to illustrate Heisenberg’s famous law;
unfortunately, the false impression is often conveyed that
his principle, which is actually a theorem about standard
deviations in collectives of measurement results, imposes re-
strictions on measur-ability.” italics in the original text.




Existing nuclear models!
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