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1) [, E*r?dr o [ r~*r?dr = oo (3D winding number) — dudv (0,7 X 8,7) - 7

o e o 3 T
Deform/regularize charge to finite energy ' 3P chargein3D S(wv) ___curvature
uniaxial nematic biaxial nematic

(Higgs-like potential allowing deformation)  ,nitary vector in 3D 1- 3 in3D
] of director field 7i(x) distinguished axes
2) Gauss law charge € R, in nature € Ze 1 distineusedlaxis ,uniaxial +

quantum phase”
(for ,pilot wave”)
field of real symmetric M

3 charges with
=y magnetic dipoles
muon magnetic tau

———dipole —
\ N

Interpret curvature as electric field to count

(quantized) topological charge with Gauss law $h2r8¢ * Coulomb

Maxwell equations
from director dynamics

Skyrmion-like with SO(3) ellipsoid vacuum
3 distinguishable axes like biaxial nematic electron
Use real symmetric tensor field M = 0DO” |
~Higgs e.g. V = Y;(1; — A;)? for D shape

Getting 3 IeptonsW

with unified wave-like vacuum dynamics:

confllct

v
v lowest
tension/mass

EM >> quantum phase >> GE

3 —> 4 axesin 4D spacetime

tlme

1taxis ~Klein-Gordon/Dirac? 0™ axis in 4D ;\R:F . “tisliDeIlMImedineclion
: St : ~ , ) \ ==/ 2nd set of Maxwell equations
rotations 1t axis twists (~Berry) tl?y tilts ;\ " for its tiny perturbations:
LQED = l/)(ly“a — eyﬂA — m)l/) — = F F uv +GEM S BECR. \ * much weaker (longer axis),
ﬂ\A /,)v from tiny perturbations of 4th axis ———/ nomass/energy quantization
Spm/partlde + phase a Lagranglan/Ham”toman energy den51ty EM uniaxial (Higgs potential) | biaxial/general, M - matrix
q‘éﬁ’;ﬁggdg curvature (regularization) 5 curvature (real symmetric)
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https://iopscience.iop.org/article/10.1088/1742-6596/361/1/012022/pdf
https://en.wikipedia.org/wiki/Skyrmion
https://en.wikipedia.org/wiki/Covariant_formulation_of_classical_electromagnetism
https://en.wikipedia.org/wiki/Pilot_wave_theory
https://en.wikipedia.org/wiki/Gravitoelectromagnetism
https://en.wikipedia.org/wiki/Klein%E2%80%93Gordon_equation
https://en.wikipedia.org/wiki/Dirac_equation
https://en.wikipedia.org/wiki/Geometric_phase
https://en.wikipedia.org/wiki/Bispinor#Construction_of_Dirac_spinor_with_a_given_spin_direction_and_charge
http://th.if.uj.edu.pl/~dudaj/
https://arxiv.org/pdf/2108.07896
https://demonstrations.wolfram.com/TopologicalChargesInBiaxialNematicLiquidCrystal/
https://www.youtube.com/watch?v=5POptU4tX98
https://github.com/JarekDuda/liquid-crystals-particle-models

Popular skyrmion models C a & O e e @
Solid state, nucleus: PRL 2018 12
-7 8

Vacuum (far from particles) filled with U = 1, only short-range interaction!

U —tensor field (of matrix)

[; = ;U U~! local rotation c&&@,& 0

Epin = ¢1 2 Tr(I;IG) + -

E,ot < Tr(1 — U) for unitary — smgle minimum U = 1

No EM, charge (proton = neutron), no long-range e.g. Coulomb interaction
(proton lighter than neutron)

For long-range: use topologically nontrivial vacuum (minimum of potential)

E.g. Higgs potential “Mexican hat”: V(1) = (||71]|* — 1)

e zero is not minimum (inflation, charge regularization)

e Dynamics in minimum corresponds to massless

particles (Goldstone bosons), like electromagnetism
— - - ahc

R, =T, XL, Lgy = —ERWR”" EM with quantized charge (Faber)

Re{d)



https://en.wikipedia.org/wiki/Skyrmion
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.232002
http://iopscience.iop.org/article/10.1088/1742-6596/361/1/012022/pdf

Liquid crystal long-range interactions due to nontrivial vacuum like for Higgs V(n) = (|n]? — 1)?

F~1/D:"Annihilation dynamics of topological defects induced by microparticles in nematic liquid crystals" Soft Matter
Coulomb: "Coulomb-like interaction in nematic emulsions induced by external torques exerted on the colloids" PRE
“Coulomb-like elastic interaction induced by symmetry breaking in nematic liquid crystal colloids” Scientific Reports

dipole-dipole: "Novel Colloidal Interactions in Anisotropic Fluids" Science
guadrupole-quadrupole: "Long-range forces and aggregation of colloid particles in a nematic liquid crystal” PRE
Quantum computers on liquid crystal topological defects? ( Science Advances )
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https://www.youtube.com/watch?v=ssHX6j9Um-w
https://pubs.rsc.org/en/content/articlelanding/2019/sm/c9sm01710k#!divAbstract
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.76.011707
https://www.nature.com/articles/s41598-017-16200-z
https://science.sciencemag.org/content/275/5307/1770
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.55.2958
https://www.science.org/doi/10.1126/sciadv.abp8371

Standard liquid crystal models (review1, review?2)

Uniaxial: 77 € S? (Higgs potential?), Oseen-Frank model (1958) :
E[n] = lew )%+ Ky - (VX )| + K3l x (Vxn)|? + (|n]* — 1)?
Q

Biaxial: Landau-de Gennes (1974, Nobel Prize in 1991) of preferred shape
Q=) M=Y; i’ preferred (A4, 1;,13): V(M) Higgs-like potential:

E[M] = [|VM|? + 2 Tr(M?) — ZTr(M3) + = (Tr(M?))’

(or V(M) = ¥;(A; — A)? or Xi(Tr(M') — cl-)z tough choice!)
—particles?: Higgs-like potential, e.g. as above, with Coulomb, EM-like:
Lgy = F ,F* for  F,, <R, =T, xT, I, =(0,n) Xn
R,,, curvature: Gauss law counts (quantized) topological charge
with Kinetic: £ ~ Y7_; [|0;7 X 0o7||* — Y1<i<j<s ||0;7 X 8;7i]| + V ()

Biaxial: R,, = [GHM, a"M](—l,l,l,l) M = 0DOT D ~ (g,1,¢0)

Lorentz-invariant Lagrangian mechanics leading to electromagnetism
plus ~Klein-Gordon for twist, gravito-electromagnetism for 0t axis



https://www.asc.tuwien.ac.at/preprint/2019/asc09x2019.pdf
https://arxiv.org/pdf/0812.3131.pdf
https://en.wikipedia.org/wiki/Gravitoelectromagnetism
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1650

V(d) effective potetial

cylindrical symmetry
colors: energy density H
The same charges: repulsion

1600

1589 5@ _ 251609
' d

2 2

1550

cutoff € around singularities:

to be regularized to rest masses
Lorentz inv.: SRT scaling, magnetism s

1500
d

0.5

1.0 15

25.104

1589.49 +

Opposite charges: attraction

20

cos =1+ (z—d)/Sqr't[(z—d)2+r2] - (z+d)/Sqr't[(z+d)2+r2];
{Sqr‘t[l—cosz] x/r, Sqrt[l—cosz] y/r, cos} /. r-> Sqr‘t[x2 +y2];
KroneckerProduct[n, n]; dM = {D[M, x], D[M, y], D[M, z]};

M

(*Manfried Faber dipole ansatzx)

(+ cylindrical symmetry =«

(xvector n — matrix M fieldx

H = Simplify |

.
J

(xHamilitonian«

Es = Table[{d, NIntegrate[4 Pixx (H/. {y->0}) achoole[x2 + (z - d)2 >

ft = Fit[Es, {1, 1/d}, d]; Show[Plot[ft, {d, ©.2, 311, ListPlot[Es]

Sum[Total[ (dM[i] .dMI3] - dM[31.dM[iT)?, 2], {i, 2}, {J

{x, @, Infinity}, {z, O, Infinity}]]-, {d, 0.1, 3, 0.1}]; (#integrate H: total field energy=x

, i+1, 3}]]

0.001], (+ 0.001 cutoff

*

)
)
)
)
)

1 (xfit Coulomb potententialx)
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https://github.com/JarekDuda/liquid-crystals-particle-models/

NN bt 77/
. . « o " ” NN vt /2 7.
Regularization to finite energy e.g. for “hedgehog”: SINNN s
Asymptotically (vacuum) |[|7|]| = 1 , but n(0) =0 AR
thanks to Higgs-like potential, e.g. V(11) = (||7]|* — 1)? Y REERNNN
A VNN
= 1 1 _
( :F,;=(8,;7_i)><7_i =—||771,)||2—>— Clourt
r r
- - - 1 0
Ry =T, XI, —=  electricfieldin 3D B p | B
ahe = ATege —By —FE3
Ly = __nRuva — electromagnetism in vacuum “Bs By B0
60 — — —
Gauss law counting topological charge: Q.;(S) = yp jg( | du dv (Ou1 X Ou1) - 10
S(u,v
Jacobian of closed surface — S%: det[n, 11,1, = 71 - (7, X 7,,) B
) B N 7 04 potential field e 1
No parton structure (!) for electron, Faber: | "

only field deformation not to exceed 511keVs, ol
“infinity subtraction from renormalization” — subtracted energy density ||

o i
2 2 1.35 ‘\ A=0 X / ‘ e ‘ :
f 1.4fm |E| 4nredr = 511keV 3l L %=o.001 : R T
x =0.002 - r
Experimental effects of finite size? a5 || A=0.005 I ’”
. Uehlin
Coulomb deformation, Faber: 12 perturbative 0.99
. . - 3
Running coupling: = LIS ) 0.98
1 1 K
— >~ — in 90 GeVs RS 0.97
137 127 L05
To hide finite size in Feynman diagrams . 0-96
. . e pe ey 1 - —
(+ renormalization to remove infinities) 0.95
0.95 .
0 20 40 60 80 10094 _ classical
d/fm 093 numerical ry=3a



https://iopscience.iop.org/article/10.1088/1742-6596/361/1/012022/pdf
https://arxiv.org/pdf/2210.13374
https://en.wikipedia.org/wiki/Coupling_constant#QED_and_the_Landau_pole

RMS RADIUS VS G FACTOR

FOR NEAR-DIRAC PARTICLES

Experimental boundaries for size of electron? 2
Dehmelt 1988, Penning trap (Nobel in 1989): R < 10™%?*m ]

extrapolating from g-factor: “(...) electron as formed

by very tightly binding together three smaller and b w

much heavier new fermions [Brodsky, Drell, 1980] {(...)”

Neutron (udd): g ® —=3.8 < 1rZ >~ —0.1 fm? el

Classically: g = sz% = zjm% = % ffli:g; :ZCZ; Z 1 o p4 B —
Electron-positron cross-section: CORRECTED G FACTOR - 2

Fig. 8. Normalized RMS radius R* = R/% vs. corrected g-factor minus 2

Which energy should we use??? (Lore tz contraction !)’ for near-Dirac particles (3]. A parabola has been fitted to the data points.

Recent theories conjecture that the electron, similar to proton and triton, is

~line in log-log, ~ 100nb for 1GeV  y ~ 1000 o e o e o a2 P
Extrapolating to resting: y = 1 o X y‘z Running coupling — deformation of a
we ge’g ~ 100mb: r = 2 fm? (energy < 511keV') (Coulomb) proper in Faber’s model
E T SRS ‘ X Coulomb parameter of dipole
-3 - .
10 F ¥(25) S A=0
13 | A=0.001 -
0™ | z | A=0.002
E 1.25 'w,‘ A=0.005
T - !‘ \ Uehling
E0 FE f ~ 12 "\,‘ perturbative
b -6 E ! 1'\ S ﬂ
10 b S / \ = L15 ‘
E / \ 2
. \
ST e \\ 11
4 E 1.05
‘0 1 g9 R0 ll L 1 1 1 L1 1 ll 1 1 1 L1 1 ll[
2
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co 1
f~1.4fm§ |E|%4nr?dr = 511keV (e P8
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https://physics.stackexchange.com/questions/397022/experimental-boundaries-for-size-of-electron
http://iopscience.iop.org/article/10.1088/0031-8949/1988/T22/016/pdf
http://slac.stanford.edu/pubs/slacpubs/2500/slac-pub-2534.pdf
http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=30&page=119
http://pdg.lbl.gov/2007/reviews/hadronicrpp.pdf
https://en.wikipedia.org/wiki/Coupling_constant#Phenomenology_of_the_running_of_a_coupling
https://arxiv.org/pdf/2210.13374

What about quantum phenomena for (topological) solitons? E.g. fluxons:
Experimental demonstration of Aharonov-Casher interference in a Josephson junction
circuit, PRB 2012 - for fluxons, Aharonov-Casher: for magnetic dipole in electric field
Tunneling and resonant tunneling of fluxons in a long Josephson junction, PRB 1997
Aharonov-Bohm type forces between magnetic fluxons, PRA 1997 short-range

Hydrodynamical classical wave-particle duality object “walking droplets”:

Single-Particle Diffraction and Interference at a Macroscopic Scale, PRL 2006
Unpredictable Tunneling of a Classical Wave-Particle Association, PRL 2009
Path-memory induced quantization of classical orbits, PNAS 2010
Level Splitting at Macroscopic Scale, PRL 2012 - Zeeman splitting
Self-organization into quantized eigenstates of a classical wave-driven particle, Nature 2014

Wavelike statistics from pilot-wave dynamics in a circular corral, PRE 2013
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https://journals.aps.org/prb/abstract/10.1103/PhysRevB.85.094503
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.85.094503
https://en.wikipedia.org/wiki/Aharonov%E2%80%93Casher_effect
https://journals.aps.org/prb/pdf/10.1103/PhysRevB.56.14677
http://www.tau.ac.il/~yakir/yahp/yh33
https://www.dropbox.com/s/kxvvhj0cnl1iqxr/Couder.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.154101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.240401
http://www.pnas.org/content/107/41/17515.full
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.264503
https://www.nature.com/articles/ncomms4219
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.88.011001

Electron — (at least) a complex configuration of electromagnetic field ... Larmor

Output axis
B ( ~
Spin axis | /N
Input axis
Electric charge (E o Tiz) + magnetic dipole (B e %3, magnets) + “gyroscope” (L = g) spin echo

+~ 10%1Hz zitterbewegung (observ.)/de Broglie’s clock (E = mc? = hw):

some internal periodic process

Along <110> a?(is of silicon crystgl atomic spacing o0l P e ;
correspond to ‘internal clock’ period for £ ~ 81MeV N
electrons — observed resonance: : ;

A

2000 |

P. Catillon, N. Cue, M.J. Gaillard, R. Genre, M. Gouaneére, R.G. Kirsch, J.-
C. Poizat, J. Remillieux, L. Roussel, M. Spighel, 4 Search for the de Broglie 1000 |
Particle Internal Clock by Means of Electron Channeling, Found Phys
(2008) 38: 659664

stationary Schrodinger: ¥ = Yoeft/" for E = mc2 =

Can we get it with biaxial nematic hedgehog?
No naked charge — needed magnetic dipole
How to enforce clock? (leading to pilot wave)


https://en.wikipedia.org/wiki/Larmor_precession
https://en.wikipedia.org/wiki/Electron_paramagnetic_resonance#Pulsed_electron_paramagnetic_resonance
https://en.wikipedia.org/wiki/Zitterbewegung
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.88.021604
https://link.springer.com/article/10.1007/s10701-008-9225-1
https://en.wikipedia.org/wiki/Gravitoelectromagnetism#Background

+1 charge ' -1 charge +1/2 rc\:h“a[ge/’spin
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https://en.wikipedia.org/wiki/Macroscopic_quantum_phenomena
https://en.wikipedia.org/wiki/Magnetic_flux_quantum
https://en.wikipedia.org/wiki/Spin_(physics)#Rotations
https://en.wikipedia.org/wiki/Bispinor#Expressions_for_Lorentz_transformations_of_bispinors
https://link.springer.com/article/10.1007/s10701-008-9225-1
https://en.wikipedia.org/wiki/Zitterbewegung
https://en.wikipedia.org/wiki/Pilot_wave_theory

Vacuum (long distance) dynamics:
1) EM: quantized electric charge
with Coulomb in V(r) « r~1!

(+ magnetism from Lorentz invariance)
S?: Gauss law counts topological charge

2) ST quantum phase: Berry, pilot wave
e.g. for Mach-Zehnder interfer.

green: tilt-tilt of 77 main axis EM high energy main curvature
blue: tilt-twist QM phase low energy curvatures

=(1,6,0) = A, ~ (6’ILTL 1), Eyw = (Riv, 0RG, SRY)
\f\uim imm(hn% F — OT(’)HO R = F X ﬁ,

’

Unify EM S* + QM S* — SO(3) SN hedgehog /' ~
“extended phase” ' pole  equator
governed by wave equation: l/) LQED — —hCl[))’”a”l]} mc21p1/) FHVF”"/4
Maxwell 04, « J,+~Klein-Gordon Oy < gauge?| g 726 _5 (dual) E t1lts
Momentum operator: E A o W A M, M ]
P=—qA—ihV B '> % £ o —aff>1kne connectlon %
suggests: A also hides derivative, g B T:L 5 *S‘ L F~= curvature twist
describes local rotation g_; (ﬁ % % ; ZDM_ ODOSD
_ 4 . 4 ) T A e > 7
ZT[k—A(p—h%SA dl_hiS B -dS = Lz?‘ it 5%% “ — iRV — C[A
fluxon, GL order parameter tjme EM >> (M >> GEM
3X 3in3D— 4 X 4in 4D spacetime: =————u— ——= —

3) + gravity starting with GEM required
for Newton + Bg for Lorentz invariance

+ GEM approx. of GR \

from tiny perturbations of 4th axis


http://en.wikipedia.org/wiki/Relativistic_electromagnetism
https://en.wikipedia.org/wiki/Geometric_phase
https://en.wikipedia.org/wiki/Pilot_wave_theory
https://en.wikipedia.org/wiki/Magnetic_flux_quantum
https://en.wikipedia.org/wiki/Ginzburg%E2%80%93Landau_theory
https://en.wikipedia.org/wiki/Gravitoelectromagnetism

biaxial nematic electron muon
vector field + phase ' i
3 distingused axes

—

£

. vortex crosssection:
conflict tau ok LA UG

forming
vortex [

g

=Ny
== %N\

= - > 2 2 2 )Y
e X X X
e & X X X )
e X XK X X )
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—r >0 00 0
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et 4
v'/f”

charged

,oscillations” betweil magnetic dipole

3 leptons?
AR A N XK X N I W AF4
R Rweeeeesrss
. R R eweeeersr s S

L
S

a\\\‘.oootl

lowest higher

—

o 1D mass stress/energy =& Faber electron regularlzed
m p— / 4 0.5 radial fiel
o % \ /, // A energg'(r?.t:?SIty tangcn(:ia: ge:g
: t; { 3 0.4 potential field -
uniaxial nematic E 2 N = 03
unitary vector field = & ‘ J 02
1 distingused axis =8 i
on o f | > En?
charge + Coulomb s o 1 2 3 4 5 6
'y’ running coupling deformation:
proton? neutron? / | \ "
-9 lighter: enclose,  heavier:
2! 2 charge into compensate/ \ im‘;(;;t;).fon
g = hedgehog the charge / N '
S v < — = «
(e < te hedgehog— > mass < -e/3—> <+2¢/3 <« -e/3-—>»
o 3 —ﬁ T . e S e
S) .
= g electron vortex inside \ / I
R - charge @ \ regularized| .y, 06 distributions (Wilson):
2 G : in centers
. sichange S \ muon vortex loop around \ ‘ / . Chbraa distiibiion.
vortex loop around vortex, they interact © longest axis proton
strangeness decay (?): as internal twists (half-rotations) alpha particle(?) mag ﬂ“ pusion deuteron? | o N e
of muon vortex ,'\ I =z IS scolor cloud
eventual vortex twist n‘&d:l \ / N ® R |* |/ .
reconnect W e
V / } vortex // | \\\,\\ \ ///// . SpuLEE
’ / ‘ o ‘ knots <_,,2, _l_,4 3>« - o3 5 deuteron densities (Garc;on)
| iy il 20\ 20
; y ” \ Y eventual . \ / (] \
; : : p10n Ny hal ( \ A b
kaon/hyperon Xi pion/hyperon Lambda Rt . 4
neutr (m(f‘)r sl\nuhhll e
: , : . . heutrin
beta __ @_ __ shift split X reconnection Q) eutring
decay: HaitreE - T release — proton electron




Baryons: Wilson 1962 Acta. Phys. Pol. 1999: Greene 2015

4T r2pe

Charge distribution. i
— 0.15F T oo 1
£ E |
< S+
<3 . U05F T & o |
T ) : )
\\/f <t
1 ns—zutron I 1 = L | 1 | !
— — V0 =53"06 09 12 Lo
Neutron: “+” core, “-“ shell charge r o [fm] r Ifm]
i ? ?
Deuteron: large electric quadrupole moment —  proton: ne“tlﬁon-/ ‘ \
L /llghter: close| heavier: / \ vortes
like “+ - +” how to get it for p+n ??? charge into | compensate interaction
( & P ) \ - // hedgehog the charge <~ ¢ D
. . — S S Al - -
Ug = Up + U,  —aligned spins? 47\+ehdgeh{—> < «-(ﬂ«r%m\;@,—»
b = < mass ALY S
0.857 vs 0.879 uy magnetic dipole moments / \\ '“-1 — d N
. electron vortex inside . | _Vr__egularized
The deuteron: structure and form factors, // \\\ “ maon v, sround \\ ‘ // in centers
. . . - . "~ lon Xi
Advances in Nuclear Physics, 2001 (energy in loop around spin?) oreestes
deuteron?
\ /
o 7
W
+2/3—>
N
& .
/ \



https://inspirehep.net/literature/1377841
http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=30&page=119
http://www.phys.utk.edu/neutron-summer-school/lectures/greene.pdf
https://en.wikipedia.org/wiki/Deuterium#Magnetic_and_electric_multipoles
https://link.springer.com/chapter/10.1007/0-306-47915-X_4

Required: “fluxons” in vacuum — magnetic field lines with energy density: HLf’,
¢ Holding nucleus together against Coulomb repulsion (?), halo neutrons
e popular quark string model, Nature article suggesting being topologicﬁ‘ '

e Coronal heating problem (surface 6000K, corona 107K), reconnections

e Holding electrons in parallel or anti-parallel alignment (spin of photon) l

e Brawley et. al., “Electron-like scattering of positronium”, Science 2010

a Quark confinement

"Physics of Magnetic Flux Tubes" book by Ryutova: C( ——
“Vortices in superfluid Helium and superconductors, ~— = —
magnetic flux tubes in solar atmosphere and space,

filamentation process in biology and chemistry have i s
probably a common ground, which is to be yet
established. One conclusion can be made for sure:

Solenoid

formation of filamentary structures in nature is c Superinsulator
. _ ——
energetically favorable and fundamental process.” il —

— \‘
> .
ti-( oper pail Cooper pai



https://en.wikipedia.org/wiki/Macroscopic_quantum_phenomena
http://theor.jinr.ru/~ntaa/17/files/lectures/Ershov.pdf
http://www.scholarpedia.org/article/Parton_shower_Monte_Carlo_event_generators#String_model
https://www.nature.com/articles/s42005-018-0073-9
https://en.wikipedia.org/wiki/Corona
http://en.wikipedia.org/wiki/Corona#Coronal_heating_problem
http://en.wikipedia.org/wiki/Magnetic_reconnection
http://www.sciencemag.org/content/330/6005/789
https://link.springer.com/book/10.1007/978-3-319-96361-7
https://www.google.com/search?q=magnetic+flux+tubes

Intermediate step: transform unitary “director” field — rotation matrix field O
Affine connection: 0 — O(I + €I})) for T, = OTO” = OTE)#O anti-symmetric

Denote its coordinates with 2 vectors: / 0 fﬂ,l f"éjz Ijﬂ,g
r

S T _Fi,l 0 _FM,S 4,2
EM: Fﬂ — (F'u,32, F'u’13, F[.L,Zl) PM =0 OM = — — =

GEM: ﬁﬁg = (T 01, [0z, [u03) tiny tilts of 0 axis \ —fg,g —Dpu2  Tun 0

- - - -

3D 1* axis curvature: R, = R7j =T, X I, - electromagnetism we will focus on

4D 0™ axis curvature: ﬁgf = ﬁ;q X ﬁ;q - GEM approximation of general relativity

-

4D EM-GEM interaction: RZ§ = F/«t X ﬁ‘,g ﬁgf = ﬁi X ﬁ, = —ﬁsﬂ e.g. light bending by Sun

E,, = [I,,I,] in place of curvature for EM with topologically quantized charge?

nv n=v
0 —R°9 . + R°Y —R°9 , + R°? —R%9 .+ R°¢
0  —RwY+Re Ao R e R RS Rt 0L
r,T,]= . . Al T A )L pv,l 3 T s pr2 T AL o
oy . >3 pee 399 pee 399
RZ‘?/ — Rs% Rz?/ —|_ Rﬁ% RHU,S +R 0 _R;u/,l - Rp,y,l

eqg __ peg
R R 3
pee 399
R,uu,l + R,uu,l 0

v, 2 v,2

—»eg . —»eg . —'ee . —'gg
R,UJV,B RV,U.,S R,Lu/,2 R,uu,2

GEM equations Maxwell's equations

GEM - confirmed by Gravity Probe B ;

o . V.E, = —4rG v.E-2
approximation of general relativity: "he

€0

https://en.wikipedia.org/wiki/Gravitoelectromagnetism: 0 V-B=0
OB, OB
VXE=——
ot ot

|1, [, ] vanishes in flat spacetime wG . 1 OF, 1 | O

v
: B,=———J,+——> VxB= J4+ - —
GEM causes spatial curvature: V B 2 et T ccz | 2 ot

0=0,0,0 — 8,8,0 = 9,(0T,) — 9,(OT,) = O[T, T,

Eg
V-B,

VxE; =—



https://en.wikipedia.org/wiki/Gravitoelectromagnetism

E,B

Let O matrix rotate some objects, e.g. ellipsoid in biaxial nematic a, A 24,4
U

M(x) =M = 0DOT fieldfor 00T =1 rotation i dd 0

phase for topological
charge quantlzla ion

D = diag(Ag, A1, A5, A3) with Higgs-like e.g. V(M) = Y;(4; — Ai)2 i <
For Ag > A; > A, > A5 fixed preferred shape — vacuum state

(3D) F tensor containing curvature (so Gauss law gives topological charge)
Let us postulate: F,, = [Mﬂ, M,,] = dyM o,M — 0,M 0, M, getting vacuum:

Curvatures: OTFHVO = OT[MH, MV]O ~ :[‘HD — DFH' I,D — D[‘v] —

foapUSIZIgzai\garccharge _E“U’S ﬁuy?z- \
A1—As As—Aq

Ay > Ay = Ag “R,,,1

High energy: EM (Al o AQ) (A?) o Al)(A2 o AS) 0 Ao f/{?)

Low energy: QM I-_?,’

QED, ¥ Lorentz group pv,l 0 /

_ Ao —As
. 1
Logp = ¢(1yﬂau —eyHA, — m)tl) — ZFWF Hv S

for Ry, =T, %I, and T, =0"0,,T, = (T3, 1,13, [,21) as previously


https://en.wikipedia.org/wiki/Quantum_electrodynamics#Mathematical_formulation
https://en.wikipedia.org/wiki/Bispinor

3
Postulate Lagrangian as EM:
L= |Folz— Y |Fulz-V

and four-potential 4,,: =1 1< p<v<3

2F, =2|M,M,|=0,4,- 0,4, for A, =MM,—M,M~ (3Dvacuum)

> s = ~Fa(A - Ag)g)
O

High energy: EM ~
Low energy: QM
P=—ihV —gA

Tu3(A1 — Ag)?

=T, 3(A1 — A2) T,1(A2 — As)?

‘f#JQ(Al B AS)E/ \

shape A

dependence
perturbation A, > 0

In uniaxial nematic case e.g. simplest (A; = 1,A, = 0,A; =0): M=nn'
0 (’I’_?: X ﬁu)g —(n X TLH)Q
Ay = M, M) = ||7])* | — (7 x 7,)3 0 (7 X 72y )1
(M X 7). —(1 X
leading to EM F,,, curvature as Faber: 3,(7i X 7i,) — 8, (% x 1,) = 27, X 7,

A A
General: small perturbation A, > 0, shape A dependenceinl}, = A, R,, = F,,


https://en.wikipedia.org/wiki/Lagrangian_(field_theory)#Electromagnetism_in_special_relativity
https://en.wikipedia.org/wiki/Electromagnetic_four-potential
https://en.wikipedia.org/wiki/Momentum_operator#Definition_(position_space)

O\ F,, |2 10|0,A, —0,A
H % HF _ || % /~6HF _(5M0451/B—|_5M56V&) 3
0(0aAR) 2 0(0aAR)
Euler-Lagrange equation: extended EM with topological charge quantization
(integration by parts - last term should vanish as in Lorentz gauge condition):

Maxwell’s oL d oL

equations:

) 0y oL
F:E, B fields 0Aq  dro 0(00Aa) = dz; 9(0;Ad)

EM: V ~ Af
+ Klein-Gordon:
V ~ m2A?
+ GEM: V ~ AJ9
J,]9: four-currents All 3x3 or 4x4 anti-symmetric matrices, 0 = dyg — 011 — 05, — 033

How to choose V(M) or V(4) ¥;(A; — AD?? X, (114,112 — 1)°? detM = 17
A, = [M, OMM] ~ (Eijk (Ai — Aj) ﬁ#»k)ij contains velocity — Higgs V(A) would enforce M clock

Energy density/Hamiltonian (||A||F = Tr(4A"), last term should vanish) E B
— 0,A,

= L= ZFOM (2F0,, + 0, A¢) — L

extended quantum
phase for topological
((:h%rge quantlzla ion

° A=[M,M,) GE
|Fuwllfe +V )+ D Fou e 9uAo ot s
W, M=000 4
) 1) P = —iRV — gA

p=1



https://en.wikipedia.org/wiki/Lorenz_gauge_condition
https://en.wikipedia.org/wiki/Covariant_formulation_of_classical_electromagnetism
https://en.wikipedia.org/wiki/Covariant_formulation_of_classical_electromagnetism
https://en.wikipedia.org/wiki/Klein%E2%80%93Gordon_equation
https://en.wikipedia.org/wiki/Gravitoelectromagnetism

Model: field M(t, x,y,z) = M = 0DOT of real symmetric 3x3 matrices,
00" = [ describes local rotation, D = diag(4,, A,, 13) shape of “molecule”"
(to be extended to 4x4 tensor field — adding grawtoelectromagnetlsm)

(A0, A1, A5, A3) is shape preferring (A;) shape fixed by model, e.g. V = ¥;(1; — A;)? )

With Z-vV

Lagrangian: £ = Y3_; ||Fuol7 —

(V ' 0) Assume vacuum case: (1;) = (A;) = (1,6,0) for tiny & related with Planck A
zeroing 3x3 M variations: 3 rotations, and 3 axis elongations — zeroing the lowest &:
' twist: “Klein-Gordon X2 -T3 = X3 .T? r, =070,

tiltl: X' .13 =0

Vo Ttimxtrr=o

1:# = ( T3z Ty F,u,21)
Ry =T, XTI,

Yisp<v<s [IEwllE k23 all 3 elongations: |[B| = |E*| (dominated in 4D) B; = Ry;
for F,, = [a M, 61,M] =d,4, —a,A — [M, 9 M] for Xt = (—V - BY, 9yB' + V x E') as in Maxwell equations 51,2,3 = (§32,§13,ﬁ23)
n i n u 0 B B, B
Variating Lagrangian (vacuum V = 0) leads to evolution equation: B A
-Bs FE, -—-FE; 0

0= Z d,.,Tr (F

o (T (M., G']] -

[Fﬁ, [H,,, G,H) + F,u.u,.v [H,u-: Gq o

F,u.y,,u [Hu 1 G’])
1lts

Which for 3 rotation generators give
~Maxwell for 2 tilts (high energy) as:
~Klein-Gordon for twist (low energy) as:

for hedgehog:

EM

\,X‘ i= (=V-B',00B' + VX E')
T3=0=Xx"-T?
XZ-F3=X3-F2

20, = ((v Aneds)® 4 ( V)2>¢

O’.
twist

P

|Ahedg|

d = DiagonalMatrix[{1, &, @}]; (« ellipsoid shape,

Gx = {{0, 0, @}, {0, 0, -1}, {0, 1, ©}}; (+ twist generator =)

Gy = {{0, @, 1}, {0, 0, @}, {-1, @, ©@}}; (+ tiltl generator «)

Gz = {{0, -1, @}, {1, @, @}, {©, 0, 0}}; (+ tilt2 generator «)
Ga={{1, 0, @}, {0, @0, 0}, {0, 0, 0}}; (+ 3 elongation generators =)
Gb = {{0, 0, 9}, {0, 1, 0}, {0, 0, 0}};

Gc = {{0, @, 9}, {0, @, B}, {@, @, 1}}; (+ Gpt of G'=Gd + dG' «)

Gpt = Join[Table[G.d + d.Transpose[G], {G, {Gx, Gy, Gz}}], {Ga, Gb, Gc}];
com[A_, B ] :=A.B-B.A; (+ commutator =)

cd = {{3, 2}, {1, 3}, {2, 1}}; (% ¢
vect[m_] := Table[m[cd[i, 1], cd[i, 210, {i, 3}1; (+
ry = {{0, -}, ri}, {rl, e, -ri}, {-r, T, e} )
sub = Table[Cross [{r}, r7, r}}, {rl, rZ, ©J}] il =Ry, ,,» {1, 3}];

ijk*)
> rotation vector «)

(» its matrix form «)

M, =com[T,, d]; T, =T,/.u->v; M,=com[T,, d]; F,, =Simplify[com[M,, M,], sub] H

fin = Table[Sum[v /. u > ®, {v, 1, 3}] -Sum[v /. {u - cd[i, 1], v -» cd[i, 2]},
{i, 3}1, {v, vr}l; +|F, 12 %)
subl =

(+ Lagrangian = 2
(+ rename R curvatures as BE fields «
Flatten [Table[{Rq,;, > B], Ricarj,ap,cari,zn) = Ei»
Table [{Rig, 5,1y = B(j,k)5 Ricaps,m,cani, 2,0 = Eiin s (K5 @5 3}]}s (4, 3}, (3, 3}]]5
Column [FullSimplify[fn = fin /. subl], Dividers -» All]

vrip = Table[Simplify[Tr[FW (com[T,, com[M,, Gp]] - com[T,, com[M,, Gp]]) +
(Fuv /. Table[R; vy Riu,v,vys {is 3}]).com[M,, Gp] -
(F. /. Table[R, ., > Ri,,..» {is 3}]).com[M,, Gp]1]], {Gp, Gpt}];

(#integrate by parts+)

vr = Simplify[Series[vrip/ {25"2, 2, 2, -4, 2, 2}, {5, @, ©}] // Normal, sub]

R,
1
Rim‘v‘;‘/} I

3
Ty,

Fg’ (R%ﬁu,v) ] 2’ (

Il Ry, T2 4R

sVaVv} {ut, LV}

F,—Rl. v T2 +R1

LH, Y

, T2 7R2
Rl

1
{av,t} R{ tyv}

1% (Rl )}

sVal}

(B31,1, + B, +Bl3 5, ) Ta- (B2, +B%, 5, + B2 5, ) To+ ~Klein-Gordon
I3 (B?s,0) + Ef1,2) ~ E{2,17) ~ I3 (Bis,e) * B2y ~Efa,0)) + T3 (Blajey — Efe3y + Efay1y) -
I3 (B0, - Bl1,3) + Bis,1y) + 11 (Bl + Elyy3 ~Fla,p)) ~T1 (Blye) + Blysy ~ Els,ay)
(B%l 1t Bj('z,z} + 3%3,3}) Pg - F% CB;:s,a} + E::'l 2y~ E|1j2,1}) - ~Maxwelll
I3 (Bla,0) ~ Ela,3) * Bia,yy) ~ 11 (Blae, + Elo3) ~ Bls,a))

- ((Bty,1, +Bla,2, +Bly3)) Tg) + T3 (Blye) + B2y ~ Ela,y) + ~Maxwell2
I3 (Blz,e) - Ely,s) * Bis,ay) + 11 (Blae; * Ela,3) ~ Fls,)

(B})z + (B%) - (B%)Z B (E%) ‘- (E%) ‘- (Ei) ’ electric field enforces magnetic (?)
(B1)%+ (B3)?+ (B3)* - (&) - (E3)? - (E})? -> de Broglie clock/zitterbewegung?
(B1)%+ (B3)*+ (B})* - (E1)% - (E})*- (E})? in 4D dominated by 0-th: gravity?

- type: 1 - high energy (EM tilt-tilt), 2,3 low energy (QM tilt-twist)
1, 3} -spatial coordinate (1,2,3), derivative (0,1,2,3)

2
iy



Hedgehog ansatz for longest axis (+1 charge), with Y (¢, x, y, z) phase/twist function
In vacuum (4 = 0) leads to Klein-Gordon-like: (E — ng)zl/J = (p — qA)*Y + m?y

dual formulation (E < B): A"e%9 = riz(x, y, Z) (E =ihd, , p = —ihV)
¥ = exp(iy) p¥Y = —iV¥ = YVy here from: X% - I3 = X3 . ['?

he 2
Dirac equation? (also zitterbewegung) we get wave-like: 29,y = ((v Ahedg) it (A d v) )w

|Ahedg|

Bispinor for electron (up), positron (down)

Q=Q0 /. {¥y->yY[t, x,y,2]}; « assume phase dependence
W|th Spin direction (a b C): 2 I's = Simplify[Table[vect[Transpose[Q].D[Q, v]], {v, {t, X, ¥y, z}}], r>0];
14 b L1+e) —"b) ’ g /‘// v | BE = Simplify[Table[Cross[I's[c[11], I's[c[2111, + find BE fields =
| axid 1ee tasd) ti-o| = /\ {c, ({1, 2}, {1, 3}, {1, 4}, {4, 3}, {2, 4}, (3, 2)}}]1;
4 +(14+¢) =£(a—1ib) 1+¢ a—1ib \\:\ f ‘ BEd = Simplify [Table[D[BE, v], {v, {t, X, ¥, z}}11; » BE derivatives =«
NN .
ta+ib) (1-¢) a+ib  1-c \ sub2 = |=1atten[Join[Table[rﬂ_1 - Ts[k, i1, {k, 4}, {3, 3}] ’
/2 g ETE—— wy
(& 3 j
S[Apoost] = ) Table[{s. - BE[i, jl, E. » BE[i+3, jl,
0 e X/2

Table[{{ k) > BEAIK, 1, 31, {1k1}—»BEd[[k 14+3, 3]]} ik, 4}]}

{1, 3}, {4, 31] ]
(fne = Fullsimplify [fn[[1 ;; 3] /. sub2] » (x*+y®+2%)?) // Column (.equations:.

8+i45-0'/2 0
S[Amt] - ( 0 e+z'¢-cr/2)

sph= {x>rxCos[6] xCos[¢], y—» rxCos[6] *Sin[¢], z-> r*Sin[6]}; (+spherical-
Q0 = FullSimplify [MatrixExp[¢ *Gz] .MatrixExp[6 *Gy] .MatrixExp[¢ *Gx] /.

~2zy @00 [, x,y, 2] + (X2 +y?+22%) Y00 (1, x, y, 2] -

{¢ - ArcTan[x, y], 6 » -ArcTan[Sqrt[x*2 +y~2], z]}]; (+ hedgehog -
Q= Q0; tQ = Transpose[Q]; M = Simplify[Q.d.tQ]; 2y pt9S L0t x. vy, iz] .2y ezl %, y, Zz] +x? 9929 (¢, x, vy, 2] +
fBE := Table [Simplify[vect[tQ.com[D[M, c[1]], D[M, c[2]]1]1-Q]11, 2y2 ,(0,0,2,0 fl i B 214 22 w{0,0,2,0‘ €5 Vs 2] - 2 X%l (0,1,0,0 [t %50 ¥y 2] #
>

{c, {{t, x}, {t, vy}, {t, 2z}, {z, ¥}, (X, 2}, {y, X}}}];
MO = 0.001 x IdentityMatrix[3] +9.05xM /. {6 5 0.1, Yy » 0}; (+ shape to draw -
points = SpherePoints [300] ;

2X22uelel[t:x;y: ]+2wa’911’a (t, X, Y, ]*2)( azee[txx)yxz]+
y2 (@200 [t x 'y 7] +22 (@209 [t x, y, z]~2(x +y +z)w‘2’°’°’°‘[tx X, Y, Z]

Row[ {Column[{"B"y, "B",, "B"3, "E"1, "E";, "E"3}], "=", fBE /. ¥ » @ // MatrixForm, s - 0,0 for 2nd, 3rd equation - they are satified, the first equation equalized to 0:
Graphics3D[{Table[Ellipsoid[p, M@ /. {x -» p[1], y » p[2], z » p[3]}], {p, points}], ) ) ) 4y od jhedg 2
Gray, Sphere[{@, @, 0}, 1]}, Boxed - False, ImageSize » Small]}] which turns out Klein-Gordon-like: 20, = (V A" 9) + (Ahed9| V) Y
2 tl;IM“ll‘t”’Ll:“‘\')lLt'lﬁ{ QM: low energy, tilt-twist curv.
i i 37 s tilts for dual: A" (x,y,2) = (x,y,2)/r? ¥ = exp(iy) pY = —iV¥ = YVy
) e )
g: ) ) ) r‘f EM r=Sqrt[x"2 + y*2 + z~2]; A = {X, ¥y, z}/r"2;
X (-1+6 Xzo
Bs_| " T2t O T YT (ot % gMA[f_] := Grad[f, {X, ¥, z}] - Axf; Adg[f ] := (Axr).Grad[f, {X, Y, z}];
E P 2 3 Z g
E: B ,(zy.yz.lz; 7 SRS = izz ;2 232 twist Simplify[fne[[1] / r"2-Sum[gmA[gmA[¥[t, x, y, z]]][i, i], {i, 3}]-
E Adg[Adg[¥[t, x, ¥, z]]]]
1 2 (-1+6 225
T yzlzz 3/2 o - \’:Z'yz x2,y2.22)3/2 & g (‘\ l/} (2,0,0,0)
coordinate g 739 -2y [t, X, ¥, Z]



https://en.wikipedia.org/wiki/Relativistic_quantum_mechanics#Spin_0
https://en.wikipedia.org/wiki/Dirac_equation
https://en.wikipedia.org/wiki/Zitterbewegung
https://en.wikipedia.org/wiki/Bispinor#Construction_of_Dirac_spinor_with_a_given_spin_direction_and_charge

Derivation of Maxwell-like equations for gravity (GEM), in E = B = 0 case
o 1 f2 f3

d = DiagonalMatrix[{g, 1, 6, ©}]; cd = {{3, 2}, {1, 3}, {2, 1}}; com[A , B ] :=A.B - B.A; B . “3 ‘;

£ = DiagonalMatrix[{-1, 1, 1, 1}]; (+ signature +) coms[A , B ] :=A.E.B-B.E.A; oo - I

~1 2o ~ ~ \ ~2 3 1

={{e, T, T7, 3}, {-T), 0, -1}, T2}, {-T2, v}, @, -1}, {-T), -T7, T, @}}; (4D rots) | -T; T, @ -T}

G4 = Table[Coe-F-F1c1ent[I‘“, vl {v, {I‘u, r2, r,, I, 2, f,}}]5 (+ rotation generators x) —fi -T, L e
dg = Table[tm = Table[O, 4, 4]; tm[i, i] = 1; tm, {i, 4}]; (x elongation generators x)
Gpt = Join[Table[coms [G, d], {G, G4}], dg]; (» G' size 3+3+4=10 tables «)
sub = Flatten[Table[{Cr‘oss[{I‘u, T, Th}s {5, To, T3} 4T == R{u "o (» EM curvatures «)

cross[ {2, 72, B2}, (i, 22, B} 11 = R, ) ¢ 3]s

ds[a ] := Flatten[Table[{ b 2Ry s Riuyy = Ry, a}}, (i, 3}]]; (+ derivatives x)
cs = Flatten[Table[{r; >0, T}, >0}, {i, 3}]]; (» assume EM E=B=0 here )
M,=coms[T,, d] /.¢cs; T'y=T,/.u=-»v; M, =coms[T,, d] /. cs; F,, = Simplify[coms[M,, M,], sub];
vr = Table[Tr[F,,.£. (coms[T,, coms[M,, Gp]] - coms[T',, coms[M,, Gp]]) .§ + (» evolution equations x)

(Fuy /. ds[v]).&.coms[M,, Gp].& - (Fyy /.ds[u]).€§.coms[M,, Gp].€1, {Gp, Gpt}] /. 0 B, By B
subl = Flatten [Table| {R(q,5, - B, Ricars,ap, caps,on = ©55 (« GEM EB fields =) -By 0 B3 —E

- . . —B>; —FEj5 0 F
Table[{R{er,k} = B5,100 Ricars,n,caps,zn,i0 = £43, k}}, {k, o, 3}]}’ {1, 3}, {3, 3}”3 -By Ey, —-Ei 0

fin = Simplify[Table[Sum[v /. u-»>0, {v, 1, 3}] -Sum[v /. {u-» cd[i, 1], v > cd[i, 2]}, {i, 3}1, {v, vr}1];
Column[fnl = Limit[ (fin[[4 ;; 6] /. subl) /2/g"4, g - Infinity] // FullSimplify, Dividers - All]

~2 ~2 ~2 3 ~3 ~3
Gy + Bt1,0) — Efo,1y) - T3 (Bls,e + Elyyoy — Bl ) +

=2 ~2 3 =3 ~3
1,0y * B12,3 ~ E{3,2) ~T1 (Bl1,e) + El2,3) — E{3,2)

(B{B o) + El1,2) — Blayny) -
~1 ~1 1 ~3

1,6y * Bia,3) ~ Bia,2) + 11 (Blu,e + B3y - Elaya )
~1 ~1 ~1

3,00 * B{1,2) ~ Eq2,13) ~ T3

~1 ~1 ~1 o
1,0 * 22,3y ~ i3y ) 11 (B

=2 ~1 /3l 51 51 %2 | =2 =2 =2
(B{l,l} * B{z,z} +Bl3,3)) To— (Bie,1) + Bia,2) +Bla,ay) T+ T3 3,00 ¥ Et1,2) ~ Bla,1)) *

~2 /51 ~1 ~1 ~1 (52 ~2 ~2 ~2
'3 (Bia,e) — Ele,3y + Els1y) — T3 (Bigey -~ Efyysy + Efsyny ) + 11

B
(
(E%a,e} + E:{Lm} - E:{Lz,l}) T
(
B
(

~2 ~2
ey * Ea,3y — Bl



https://en.wikipedia.org/wiki/Gravitoelectromagnetism

time EM >> QM >> GEM |

Newton attraction? ~ 1073° x of Coulomb???
reduced energy for closer curvature sources???
reduced distance - increased curvature? in energy +GEMapprox.of GR

from tiny perturbatlons of 4th axis
-1 = 0 Coulomb, r = oo Newton —mayber — r~

, “repulsion in infinity”?
- maybe somehow opposite curvatures? E.g. for protons — neutrons?
- due to spacetime signature? (also “negative” energy to propel the clock?)

¢ = diag(=1,1,1,1)  AB — AEB S L
tlme has OppOSIte Slgn cos =1+ (z-d) /sqrt[(z-d)?+r®] - (z+d) /sart[(z+d)?+r?];

. . . n= {Sqrt[l—cosz] x/r, Sqrt[l—cosz] y/r, cos} /. r‘—»Sqrt[x2+y2]; cylindrical symmetry
Lorentz-invariant Lagrangian? (i muiee, 4, 415 00 = 15 60 11213 £, (1 2 8115+ 40 rotacion gencrator-

Mo = {{g, 0, ©, @}, {0, 1, 0, 0}, {0, 0, O, a) {e, 0, 0, 0}}; rest field for {g,1,0,0) 2
o = MatrixExp[m« {a, b, c}.G]; mn is the mass it is tiny, we focus on Taylor to m
M = Series[0.M@.Transpose[o] /. {a » n[1], b » n[2], c > n|[3]]} {m, ©, 1}] // Normal // Simplify;
dM = {D[M, x], D[M, y], D[M, z]}; Hamiltonian taking the lowest m term: n
H = Coefficient [Sum|Total[ (dM[i] .dM[j] - dM[j] .dM[i])?, 2] 1 2% 09, 149, 3}] /.y->0,m];

L = Ryg o R*P™ + V(M)
for Ragyy = [0,M,0,M] ;

HH = FullSimplify [CoefficientList[H, g][-1]]; take the highest g term: g
[A’ B] - A€B — BéTA Es = Table[{d, NIntegrate[4 Pi«x «HHBoole[x?+ (z - d)? > 0.001], 9.001
{x, 0, Infinity}, {z, @, Infinity}]}, {(d, @.1, 3, 8.1}]; (+integrate H: total field energy
TI‘(AAT) - Tr(AéTATf) ft = Fit[Es, {1, 1/d}, d]; Show[ListPlot[Es], Plot[ft, {d, ©.1, 3}]] fit Newton potential
1580 | g
. . . % Xyz K
General relativity Lagrangian 1560 time A

(Einstein-Hilbert action): 1540
L = R /—g (R — Raﬁuvfaﬁfﬂv) 1520 V(d)

First power of (contracted) curvature,
so which is proper 1 vs 2? Mixture?

d
0.5

Figure 3.

numerlcal values for total energy

and fit: V/(d) = 1589.56 + 25.1609/d

effectively Newton potential
15 2.0 2.5 3.0

A simplified calculation of Newton effective potential (in GitHu

- analogously as in Fig. 2, but this time instead of large spatial rotations, usis
tiny tilts of Oth time axis for gravity (no mass quantization). Spherically syr


https://en.wikipedia.org/wiki/Einstein%E2%80%93Hilbert_action

Standard model — 26+ parameters, Lagrangian-»
Noncompatible with gravity (“too big infinity”)

Could it be expansion of some simpler model?
Where to search for it? Predictability vs freedom

Maybe in liquid crystals? Available in physics ...
charge quantization + Coulomb-like interaction ...

E,B

—28,950,9% — g5 F**0ugtabgt — 392 F ™ f % ghgtaltal +

%z’gb (q2 Yq7)gh + GO*G® + g, ¥, G“Gbg#] oWro,W, —
ﬂM?WJW; — 30,200, — 5x M?Z0Z0 — 19,4, BMA 16 Ha H-
lmeLHQ ¢+aﬂ¢,— M2¢+¢'_ la QSOanSO 282 Mf¢0¢0 6h[2M2

BLH 4+ J(H? + 6°9° + 297¢7)] + + 20, — ige, [0, Z0W W, —
W+W )= Z0W oW, — W, o,W,) + ZS(WJ@HWJ —
W;@UWJ)} — 98[Oy A (W W, — W;W;% - A,(WFa, W, —
Wi o,W,H) + Au(WHo, Wy — W, 0,Wh)] — Lg*Wiw wiw, +
%QQWJW;WJW; + g2 (ZW I Z0W, — Z0Z0W W) +
G2 (AWFAW, — A AWIW, ) + ¢ suco AL ZA(WF W, —
WiWo) — 24, Z8W, W] — go[H? + He¢® + 2H ¢ ¢™] —

5920 [H 4 (0°) +4(¢T ™) +4(¢°) ot o~ +4H 2P p~ 4+-2(¢°)? H?| —
gMW, W, H — 5gf‘ffZUZOH — 5ig[W, (¢°0,0~ — ¢~ 0,0°) —

Postulate skrymion-like Hamiltonian for M 0, A Zo.A W, (6°0,0" — ¢+B,L¢0)]—|-Qg[WJ’(HB,Lcﬁ‘—Oqﬁ‘GHH)—W;(H@,@Jf—
5 B 6 0,H) + ot (230,667, H)—ig M Z)W o™= W;6%) +
H = 10,4, — 0, A, |l +V igs, MAL (W6~ = Wy 6%) = ig 22 20670,0™ — 670,6") +
v=0.3 piended quaiiii | igsy,Au(810,67 — 670,87) — 1WIW, [H2 + (6°) + 267 ¢7] —
,LL " ;ha_rﬁe/lqﬂl;ailtlmg 1on ng%Z‘gZO[HQ (¢0) + 2(23 1)2¢+¢—} _ 1 2sw ZO¢O(W/+¢ +
A, = [M,M,] clock from A Higgs-like V?=inzcomionz Wi6%) = 3ig* 52 ZH(Wi 6™ = W, 6%) + 5% 4,0° (W6~ +
tp M=ODO, I/) W ¢+)+ ?g S‘wA H( ’V*qﬁ’ VV qﬁ*) 29“’(2(‘ —1)ZOAM¢5+¢F
2D ﬁljgw,qA g's? AAMQS““gb — & fy(?—i—m)e — POV — W (78—|—m)u3—
EM >> guantum phase >> GEM vacuum dynamics Bl ©(0 +m)d} +igsud,[- (7)) + 570w - ()] +
, . . . ea 27 Py + ) )+(? P(dst = 1= 7)) + (@ (s
EM with missing charge quantization, regularization | 1)) + (@1 - gsw — )] + 2—%11/;[(17%/#(1 +fy5)e)‘) 1
. (ﬂ?v“(l +7°)Crd)] + S W (@ (1+ 7)) + (d5CL (1 +
3 leptons: same charge — different mass, u # 0 ) N ( 1= 1 6 @At )] =

3 neutrinos: very stable, oscillations, Theta decay
3 families of baryons: m;, > m,, m; <m, + my,
deuteron with quadrupole moment, u; = u, + U,

nuclei as knots — also halo neutrons in e.g. ~5 fm

strangeness, decaying to mesons ...

Feynman ensemble of topological defects — QFT

effec/tiwe}v

[-o
R [H (@) +i6°(B7°eY)] + 5is o [—mi (@) Can (1 — 7°)d5) +
R(U?C)\K(l-l-’)/ )dﬂ—’_zM\f(ﬁ [md(d}‘Cj\ﬁ(l—l—’)/ ) ) (CP\CL:( -

Vyus] — $2 H(w)u)) — $ 5 H (D)) + L2260 ()7 ) —

2 M 2 M

ﬁmd L (dMyPd)) + [X+(32 MHXt+ X (0° - M) X~ + X99* -

5 | fgj XO+YPY +ige, Wi (9,X°X~ -0, X+X) +igs, W} (9, Y X~ —

uXTY) +ige,W, (0,X X — 8, X°X ") + igsu W, (0, XY —

8,V XT) +ige, 220, XXt — 8,XX7) +igs, A, (9, X X+ —
X" X)) — igM[)F X*H+X-X"H+ ;FX°X°H] +

L2 igM[X+ X ¢t — X~ X0%] + 5L igM[XOX ¢+ — XOX+¢7] +
igM s, [XOX ¢t — XOX+¢~ }+ @'gM[X+X+¢° — XX ¢"]
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