Landau-de Gennes-Skyrme model to recreate electromagnetism
for liquid crystal-like quantized topological charges ... - SM
Lattice QCD has probabilities in ) - let’s go deeper: only ~Yang-Mills + Higgs

4/ _.._—
quarks: excitations of quark strings modeled as topological vortices ===£ £
e S A N N

~Einstein’s teleparallelism to unify EM + gravity by dynamics of 4D tetrad

Electron: effectively described as perfect point in perturbative approximation

in non-perturbative: at least E o« r~* field of quantized(!) charge
Gauss law Gauss-Bonnet .—
Electric charge = ¢ E-dA = —° , du dv (auﬁ X 0,1) - 71 = topological

m 7S(u,v

" dual
-Skyrme/EM/YM: £ = — W(x,glrwﬁ + VHiggs(M) for R ~ Fyap =

1. 1D sine-Gordon — 3D Faber’s model: Coulomb long-range interaction f '
2. ~Superfluid (~QGPlasma) liquid crystal agreeing with Standard Model

3. 4D, SO(1,3) vacuum: EM (tllts) + QM (twists) + GEM (boosts) + 1gluons
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https://www.sciencedirect.com/science/article/pii/S0370269399012083
https://en.wikipedia.org/wiki/Teleparallelism
https://en.wikipedia.org/wiki/Skyrmion
http://iopscience.iop.org/article/10.1088/1742-6596/361/1/012022/pdf
https://www.youtube.com/watch?v=J1aGs5gahho
http://th.if.uj.edu.pl/~dudaj/
https://github.com/JarekDuda/liquid-crystals-particle-models
https://www.youtube.com/watch?v=MgSLyfb92B4
https://community.wolfram.com/groups/-/m/t/2856493
https://arxiv.org/pdf/2108.07896
https://en.wikipedia.org/wiki/Gauss%E2%80%93Bonnet_theorem
https://en.wikipedia.org/wiki/Teleparallelism

1 L ;
200 300
Time (sec)

Standard liquid crystal models (review1, review?)

Uniaxial: 71 € S? (Higgs potential?), Oseen-Frank model (1958): &%
E[n] = fK1|V NP+ Kn-(Vxn)|]? + K3n x (Vxn)|? + (72 = 1)? \)
Q
Biaxial: Landau-de Gennes (1974, Nobel Prize in 1991) of preferred shape
Q=) M=Y;,A7; TiiT preferred (14, 4,, A3): V(M) Higgs-like potential L M
E[M] = [ IVM|? + 2Tr(M?) — ZTr(M3) + = (Tr(M?))" & '

(orV(M) = Y;(A; — A))? or Zi(Tr(Mi) — cl-)z tough choice!)

" Coulomb-like - repair to EM: real Coulomb + Lorentz invariance:
L =—F F[,lvaﬁ _ VHiggS (M) % EM >> QM >> GEM |
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IIJTRFVM_[GMGM] \\ |
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+ GEM approx. of GR

V —teleparallelism, SO(1,3), Minkowski from tiny perturbations (boost) of Oth axis



https://journals.aps.org/pre/abstract/10.1103/PhysRevE.76.011707
https://www.nature.com/articles/s41598-017-16200-z
https://www.asc.tuwien.ac.at/preprint/2019/asc09x2019.pdf
https://arxiv.org/pdf/0812.3131.pdf
https://en.wikipedia.org/wiki/Teleparallelism

non-pertubative

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

quantized!

Output axis

B (

Spin axis | ]
Input axis

Electric charge (E o' r—12) + magnetic dipole (B e r—13, magnets) + “gyroscope” (L = g of field?)

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

some internal periodic process ~neutrino oscillations: |v;(£)) = e"*£i*/"|v;(0))
A

Along <110> axis of silicon crystal atomic spacing
correspond to ‘internal clock’ period for £ = 81MeV
electrons — observed resonance:

P. Catillon, N. Cue, M.J. Gaillard, R. Genre, M. Gouanére, R.G. Kirsch, J.-
C. Poizat, J. Remillieux, L. Roussel, M. Spighel, 4 Search for the de Broglie
Particle Internal Clock by Means of Electron Channeling, Found Phys
(2008) 38: 659—664
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https://en.wikipedia.org/wiki/Larmor_precession
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/Neutrino_oscillation#Propagation_and_interference
https://en.wikipedia.org/wiki/Gravitoelectromagnetism#Background
https://en.wikipedia.org/wiki/Electron_paramagnetic_resonance#Pulsed_electron_paramagnetic_resonance

What are non-perturbative
field configurations of e.g.

electron, quark, neutrino
for its weak interactions?
More stable than EM?

—3 types? In3D ...
Resting oscillates

_ algebra -~ V¥ asking

+ - 2 - > i deeper
pertubative structure — ~J questlons
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https://en.wikipedia.org/wiki/Neutrino_oscillation#Theory
https://en.wikipedia.org/wiki/Time_crystal
https://www.nature.com/articles/s41586-024-08479-6

electron “clock of field" — coupled wave - quantum phenomena
Electron clock forms coupled “pilot” waves for wave-particle duality

already classical “walking droplets” leading to QM-like phenomena
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

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

Static Bell test in mlot -wave hydrodynamics, PRF 2024 violate CHSH
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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://www.nature.com/articles/ncomms4219
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.88.011001
https://thales.mit.edu/bush/wp-content/uploads/2024/08/Bell1-PRF-2024.pdf

1D sine-Gordon — e.g. lattice of coupled pendula, just @ — ©,,, = —sSin @

angle wave in gravity: pendula prefer to be down, but “down” is every 2mk

: 1
Pair creation/annihilation of massive particles: m = fj;o > ((p,zc + (p%) + Vdx

special relativity: velocity < max, Lorentz contraction, time dilation

(anti)kink: kink (+) <> speed < max = anti-kink (-)
massiv 4 . . : AN

as:s € TQO / massive — resting contains energy (mass) ~._
particle, —— ——
quantized x "~ annihilation — mass as energy released as massless radiation
Vld" anim. speed = max ,/ \\ speed = Max

im i — -



https://en.wikipedia.org/wiki/Sine-Gordon_equation
https://en.wikipedia.org/wiki/Special_relativity
https://www.youtube.com/watch?v=nl5Qq5kUbEE
https://en.wikipedia.org/wiki/Topological_defect#Images
https://iopscience.iop.org/article/10.1088/1742-6596/504/1/012010/pdf
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|
electromagnetism(c) < hydrodynamics(cg) analogy | |
(superconducting) ... Barnett effect: B from w for uncharged5 ' : ﬂﬁ' Coriolis
) . aS

|

|

|

|
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Zeeman

IB=VXxAo w=VXulfor Ao uvelocity, vorticityw ¢ |
Lorentz force < Coriolis force e.g. for Zeeman effect °|

»g  Lorentz
. force

current/flow e.g. in superfluid: | ~‘ﬁsm = WV — q“f‘ 1o

Hydrodynamics Electromagnetism analogs
Navier-Stokes aa_? =-1-V¢, '2—‘: =—E—-V¢ vector and scalar | Y
equation ¢, =p/p +u®/2 E - electric field potential l
vorticity w=VXu V-w=0 B=VxA V-B=0 Coulomb | w
Lamb vector [ = w X u magnetic induction Thomson
vorticity tendency aa_c: = -V xI Z—f = —-VXE Faraday’s law
Lamb vector tendency % =VXn—j % = c* VX H — uyf Amper’s | 7]
and turbulent current (j) (zero polarization) law
vorticity field strength (n) 71 = |u?|lw — M H = yalB - M magnetic field
and magnetization M = u(u - ) strength and magnetization
turbulent Vil=u-Vxw—|w?|=p, | V-(6FE) = p, electriccharge | p,, | Pe
charge density link density

Theory Gauge fields | Circulation | Gauge condition Matter field
- g D — v 1 — - 1 a e
Electro o A B=VxA V,A+_2_9"=0 7 __O_A_G
dynamics | four-potential | magnetic f. c* at € 9 v
Hydro- =v?/2,V | g=Vxsd |= .- 10x S ov
vdro- | x=v/20 | G=Vxi |55, 100 o] _ 0 o
dynamics | flow velocity | vorticity 2 ot ot

link Aharonov-Bohm (Berry) electron~hydro:|



https://en.wikipedia.org/wiki/Barnett_effect
https://en.wikipedia.org/wiki/Flow_velocity
https://en.wikipedia.org/wiki/Vorticity
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.264503
https://en.wikipedia.org/wiki/Macroscopic_quantum_phenomena#Consequences_of_the_macroscopic_occupation
https://www.semanticscholar.org/paper/The-electromagnetic-hydrodynamic-analogy%3A-an-to-and-Buker/d812e931801dab63765e5877cd0edacc8c4a06c9
https://www.researchgate.net/publication/284166762_The_analogy_between_electromagnetism_and_hydrodynamics
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.264503
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.83.1966

Liquid crystal long-range interactions due to nontrivial vacuum like for Higgs V(i) = (|71]* — 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 repulsion Nature
quadrupole-quadrupole: “Long-range forces and aggregation of colloid particles in a nematic liquid crystal” PRE
Quantum computerls)on liquid crystal topological defects? ( Science Adv?‘nces ) EM-hydro analogy
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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://www.nature.com/articles/s41565-024-01621-5
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.55.2958
https://www.science.org/doi/10.1126/sciadv.abp8371
https://www.researchgate.net/publication/284166762_The_analogy_between_electromagnetism_and_hydrodynamics
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Gareth P. Alexander et al., Liquid crystal reviews, 10, 1, 91-97, 2005

String hadronization — its decay into particles in LHC collisions _—

Touluse-Kléman
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https://en.wikipedia.org/wiki/Duality_(electricity_and_magnetism)
http://www.scholarpedia.org/article/Parton_shower_Monte_Carlo_event_generators#String_model
https://indico.meson.if.uj.edu.pl/event/3/contributions/294/attachments/232/386/2023Jun24_meson2023_mfaggin.pdf

Required: vacuum quark strings/flux tubes — with energy density: HLfr,:’"ﬁ ~ 7 fm n

e Holding nucleus together against Coulomb repulsion (?), halo neutrons /
e popular quark string model, Nature article suggesting being topologlcﬁ‘[ St“r?rf'g‘?
e coronal heating problem (surface 6000K, corona 107K), reconnections
e electrons in anti-parallel alignment —in 100-1000nm for Cooper pairs
e Brawley et. al., “Electron-like scattering of positronium”, Science 2010

e Cosmic strings — 1D topological defects of arg(y), evidence? 2

“Physics of Magnetic Flux Tubes” book by Ryutova:
“Vortices in superfluid Helium and superconductors,
magnetic flux tubes in solar atmosphere and space, N . s
filamentation process in biology and chemistry have
probably a common ground, which is to be yet
established. One conclusion can be made for sure: c
formation of filamentary structures in nature is

Solenoid

energetically favorable and fundamental process.” \nt-Coopear Tl Cooper pai



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
https://www.eurekalert.org/news-releases/971818
http://www.sciencemag.org/content/330/6005/789
https://en.wikipedia.org/wiki/Cosmic_string
https://www.sciencealert.com/we-may-have-just-found-evidence-of-a-cosmic-string-a-crease-in-the-universe
https://link.springer.com/book/10.1007/978-3-319-96361-7
https://www.google.com/search?q=magnetic+flux+tubes

wiki/Macroscopic_quantum phenomena (v1, v2, photo)@@.

Superfluid: quantized angular momentum (of field alone)
“’Perfect liquid’ quark-gluon plasma is the most vortical fIU|d”

Superconductor: quantized magnetic field

2mn = Ag = - A-dl=%jB-dS
S

n dS
current/velocity: | ~ ¥; = (AVep — qA)/m
2D: argument principle in complex analysis:
P, ];((ZZ)) dz = ¢.(In f)' dz = 2mi(#zeros — #poles)
QCD quark strlngs/flux tubes often modeled as Abrikoskov vortex

Voo( ) (GeV] ||n k

~fluxon

1.2

String -hadronization?
~QCD color strings...quarks?
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https://en.wikipedia.org/wiki/Macroscopic_quantum_phenomena
https://www.youtube.com/watch?v=ae0oME77Pz0
https://www.youtube.com/watch?v=ae0oME77Pz0
https://www.nature.com/articles/srep08677
https://www.sciencedaily.com/releases/2017/08/170802134720.htm
https://en.wikipedia.org/wiki/Macroscopic_quantum_phenomena#Consequences_of_the_macroscopic_occupation
https://en.wikipedia.org/wiki/Argument_principle
https://indico.cern.ch/event/1252547/contributions/5440963/attachments/2661340/4610500/CERN-23.pdf
https://www.sciencedirect.com/science/article/pii/S0370269399012083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054504
https://en.wikipedia.org/wiki/Fluxon
http://www.scholarpedia.org/article/Parton_shower_Monte_Carlo_event_generators#String_model
https://www.slideserve.com/eydie/inter-quark-potentials-in-baryons-and-multi-quark-systems-in-qcd-powerpoint-ppt-presentation

T link
Quark string/gluon flux tube — shouldn’t leave baryons? %‘?\% nnk
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Binding of halo nuclei like Boron-8 with proton for 770ms ¢ - 9

Ne-17: 2 halo protons 109ms, 1p P-26, 2p S-27 44,16ms
Li-11: 8.6 ms lifetime in ~5 fm distance

Efimov state field conf.?
Borromean halo nuclei

requiring 3-body forces
diagrams -/He6: He4+nn
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https://en.wikipedia.org/wiki/Halo_nucleus
https://www.chemlin.org/isotope/boron-8
https://link.springer.com/article/10.1140/epjad/i2005-06-184-y
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.53.R572
http://theor.jinr.ru/~ntaa/17/files/lectures/Ershov.pdf
https://en.wikipedia.org/wiki/Efimov_state
https://en.wikipedia.org/wiki/Borromean_nucleus
https://en.wikipedia.org/wiki/Three-body_force
https://indico.cern.ch/event/97967/sessions/115045/attachments/1117123/1594061/JV_Nupecc.pdf
http://theory.gsi.de/~ebratkov/LecturesWS2122/Lecture_String.pdf
https://en.wikipedia.org/wiki/Nuclear_force
https://www.researchgate.net/publication/325207000_Nonlinear_Effects_of_Gravity_in_Cosmology
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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/G-factor_(physics)
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

electromagnetism

topological charge/index/degree

charge

conservation

the number of covering of f: §P~1 —» §P-1
Hopf thm: f, g are homotopic & deg f = deg g
Poincare-Hopf thm.: »;deg,, = x(5)
Riemann-Hurwitz thm.: y(n covering of S) = n y(S)

Gauss law (in 3D):
charge inside S = ¢ E - dS
charge is a real number

argument principle in 2D: gﬁc(ln f) dz = 2mi(N — P)

general - quantized Gauss-Bonnet theorem:
gﬁSR - dS = 2mn y(S) (R: curvature/Jacobian)

Coulomb: same charges repel,
opposite attract F o 1/r?

to reduce stress of the field
ntire field causes attraction/repulsion

/s

T, =(0m) xn R, =T, x

|7l = 1, connection I ~ A, EM Lagrangian with curvature F,
dual: E <—> B : electric (instead of magnetlc) monopoles ..
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https://en.wikipedia.org/wiki/Degree_of_a_continuous_mapping
https://en.wikipedia.org/wiki/Hopf_theorem
https://en.wikipedia.org/wiki/Poincar%C3%A9%E2%80%93Hopf_theorem
https://en.wikipedia.org/wiki/Riemann%E2%80%93Hurwitz_formula
https://en.wikipedia.org/wiki/Argument_principle
https://en.wikipedia.org/wiki/Gauss%E2%80%93Bonnet_theorem
http://demonstrations.wolfram.com/SeparationOfTopologicalSingularities/
http://iopscience.iop.org/article/10.1088/1742-6596/361/1/012022/pdf
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V(d) effective potential
for 2 point approx.
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cylindrical symmetry
colors: energy density H

The same charges: repulsion
— 1589.56 -

25.1609

n 0
/ 2 / 2 [
1-— 171 1-— 172 1600,

cutoff € around singularities: e

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

1500
d

P
0.5

cos =1+ (z—d)/Sqr't[(z—d) +r2] z+d)/Sqr't[(z+d)2+r2];

n

KroneckerProduct[n, n]; dM = {D[M, x], D[M, y], D[M, z]};

{Sqr‘t[l - cosz] x/r, Sqrt[l - cosz] y/r, cos} /. r- Sqr‘t[x2 +y2];

(*Manfried Faber dipole ansatzx)

(+ cylindrical symmetry x

(xvector n - matrix M field~

Simplify [

Sum[Total[(dM[[i]].dM[[j]]--dM[[j]].dM[[i]])2

2]1 {i, 2}, {3, i+1, 3}]

B

{x, @, Infinity}, {z, 0, Infinity}]}, {d, 0.1, 3, 0.1}];
ft

Table[{d, NIntegrate[4Pi*x (H /. {y - @}) *Boole[xz + (z-d)? > 0.001],
(xintegrate H: total field energy=x
Fit[Es, {1, 1/d}, d]; Show[Plot[ft, {d, 0 2, 3}1, ListPlot[Es]]

cutoff

)

)
(xHamilitonianx)
(x 0.001 )
)

»fit Coulomb potententlal*
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https://github.com/JarekDuda/liquid-crystals-particle-models/

NN A ttr 727
Regularization to finite energy e.g. for “hedgehog”: AR
y — Y% A o
Asymptotically (vacuum) ||7|]| = 1 , but n(0) =0 ool iz
thanks to Higgs-like potential, e.g. V(1) = (||7]|* — 1)? ’/?'f AERNNNN
A O R T
= — — 1 — 1
C'T,=0nxn =;||n||2—>; CFo<r1
g - - 1 . . . 0 Bl
Ry =Ty XL, —-— electric field in 3D, dual.*FﬂW _ g | B0
" Amege —By —FEj3
anc . . — —
Lpy = ——an,R“V — electromagnetism in vacuum By B2 =k 0
. 60 — — —
Gauss law counting topological charge: Qel(S) = i j{ dudv (0,7 X O,7) - 7
S(u,v)
Jacobian of closed surface — S?: det[n, 7, 1n,] =7 - n XN T rdulfed
I'l’ 4 14 tangential field
04 potential field e 1
No parton structure (!) for electron: pomt-llke Faber: N
only field deformation not to exceed 511keVs, ~“vacuum polarization |
0 Coulomb parameter of dipole
E 24mr?dr = 511keV, o1,
Experlmental effects of finite size? L3 vy SRS B B S T R
. 125 1, A=0.005 = | o o
Coulomb deformation, Faber: Uehling 0%
- w 1.2 \,\ perturbative 1 0.98
Running coupling: G sl b |
1 1 {;-: : 0.97
i — Gl N 00 Gevs = 096
To hide finite size in Feynman diagrams ' W 0.5
(+ renormalization to remove infinities) 0.94 classical
0.95 ’ numerical ry=3a

0 20 40 60 80 10 093

S - 3s
Point-like, but with deformed electric field of point charge? «fin 101520 25 30 35 40 45 30

d/fm



https://iopscience.iop.org/article/10.1088/1742-6596/361/1/012022/pdf
https://en.wikipedia.org/wiki/Vacuum_polarization
https://www.mdpi.com/2218-1997/11/4/113
https://en.wikipedia.org/wiki/Coupling_constant#QED_and_the_Landau_pole

Experimental boundaries for size of electron?
Point-like, but with deformed electric field of point charge?

Dehmelt 1988, Penning trap (Nobel in 1989): R < 10-22m

extrapolating from g-factor: “(...) electron as three smaller
much heavier new fermions [Brodsky, Drell, 1980] (...)”
Neutron (udd): g  —3.8 <712 >~ —0.1 fm?

26

RMS RADIUS VS G FACTOR

FOR NEAR-DIRAC PARTICLES

24 -

20 -
18 -
16
14 -
12 o
10 o
a
&5 -
4 4
2 -
0

Dehmelt 1988

R)('

PROTON (uud)

ELECTRON (?727)

TRITON (pnn)

-2

DIRAC POINT PARTICLE

2mpy Z_mfAdI _m | pq(r) r2ar
wl  q [ pm@)r2adr

Classically: g = L=

—

—4 = T T T T T T T T T
0 4 8 12 16

T
20

Electron-positron cross-section:
Which energy should we use??? (Lorentz contraction!),
~line in log-log, = 100nb for 1GeV y = 1000

Extrapolating to resting: y =1 o X )/_2

CORRECTED G FACTOR -— 2

Fig. 8. Normalized RMS radius R* = R/% vs. corrected g-factor minus 2
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
composed of three smaller fermions. The data point at the origin represents
a Dirac point particle of finite arbitrary charge and mass.

Running coupling — deformation of «

we get = 100mb: r = 2 fm? (energy < 511keV!)

(Coulomb) proper in Faber’s model

5 ] i Coulomb parameter of dipole
10 1 1 P08 ] ' 1 1 X PR o | .
] 135 =5
10 jing A=0.001
, e L3 A=0.002
L 2 125 | A=0.005
oy | '\.‘ Uehling
. 8 _ t& 12 \ perturbative
B '1 3 w
b 6 o / \ :_':\ \
10 \\\ / \ E
) " :
10 1 GeV 10 GeV \\
10 -8 1 1 1 gghp I I 1 1 1 1 1 11 l L ] 1 1 L g 4 2 l
2 —
1 10 10 RN e
GeV [0'e) 1 2 2
| = |E|?*4nr?dr = 511keV
~1.4fm 2 60 80 10



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://www.mdpi.com/2218-1997/11/4/113
http://iopscience.iop.org/article/10.1088/0031-8949/1988/T22/016/pdf

< tilts ~_+ twists e.g. for angular momentum conservation

1 - .
< EM 4 affine connection S0(1,3)30 - 0(I + E[‘”); 9 I'* boost r . [‘2
5 local rotations, boosts: I, = 076”0 = ['2 30_ o r )
twist I I'° tilt 0 —T

)" of M =0D0OT D =~diag(g,1,8,0) \f® —r2¢it r!twist 0

Jorav »>1>» 8., >0 shape Logp = —hc Yy"D P — mc*ypyp — F,, F* /4

QM: 6TI'?, 6TI'3, electromagnetism: I'“T'3, GEM: gI''T'?, gI'*T3, gI'°T?!

3D curvature EM+QM GEM equations Maxwell's equations
D —pee _ T wT° Gravit _ P
Rpw =Ry =T, XL, \V-E,=-4nGp,  propef V- E=
0" axis boost GEM
- - - V ) Bg — 0 4 ! v ) B — 0
R} =T xT;
Hwv U v 0B, | 0B
4D EMQM-GEM interact.; V X Eg = — Py VX E= ot
9 =T Riﬁzrﬂxl}‘?v b 4G 10 o o 1o 10E
light bending, time dilat. % Bg = T 2 ° + 2 ot o2 c2 Ot

+ short-range (to particles) axes deformations d,D OTMHO = Mu +0,D
0"k, 0 = 0T|M,, M, |0 =M, M,| +|8,D,M,| +|M,, 0,D]
EM + QM + GEM + Yang-Mills gluons (Lyy; = —Gﬁngv/ll) + Higgs particle

weak: SU(2);» ~ SO(3) neutrino 3D rotations, strong: SU(3) baryon with twist
teleparallelism — tetrad field Einstein’s attempt to unify EM + gravity



https://en.wikipedia.org/wiki/Gravitoelectromagnetism
https://en.wikipedia.org/wiki/Yang%E2%80%93Mills_theory
https://en.wikipedia.org/wiki/Higgs_mechanism
https://en.wikipedia.org/wiki/Teleparallelism

arXiv:2501.04036 toy model of electron clock/neutrino oscillation mechanism

Relativistic QM: mass of particle propels its clock — what is its mechanism?

Y = Poe " for E = mc? — electron clock, neutrino oscillations (3 masses)

Also “time crystal” — with periodic process already in the lowest energy state
Lorentz invariant RZ|Clock of kink from mass by curvature coupling
— (o1 — P1Pp)? Kink mmlmlzmg energy E for Hamiltonian: curvature R

b1 = 0,0 H = ¢ +¢7+(1—¢°)° - (doth1 — d14po) |+ (o1 — P1¢o)*

shape of particle ¢ = tanh(0.6326x + 0.0198x3 + 0.0203x°) e

. energy E = [ Hdx =~ 2.0252 | — wi
energetically favors |frequency  w ~ 1.2898 Cﬁf}ck -
| =

Yo = 0gY
-3 -2 -1 [ 1

: 2 3
phase evolution < — ¢ = tanh(0.7971 x)

codes to calculate energy E = [ Hdx ~ 2.1257
-1.0- |frequency w ~ 1.0712

E

E(w)



https://arxiv.org/pdf/2501.04036
https://community.wolfram.com/groups/-/m/t/3398814
https://en.wikipedia.org/wiki/Time_crystal
https://community.wolfram.com/groups/-/m/t/3398814

Electron’s clock, neutrino oscillation
propulsion? ¢ = y,eft/" for E = mc?

. 1
EM Lagrangian B® — E? =_F,,F/ -

e 1 2
Hamiltonian ~% w(Fw) =B?+E?

Full spacetime curvature/Skyrme:

4 indexes Fy,qpF" waf mﬁFlff,ﬁ

negative curvature? terms in Hamiltonian

G, h weighted
curvature

— Y FuapF™ " — V(M)
aBpr  EM-like

Higgs-like

%Fumﬁ = [0uM, 0, M]ap
H= Y  FuasFil +V(M)=

0<pu<v<3 ener 0}, Lontl ibutions

2 Y | T By

0<u<r<3 \|1<a<p<3

3 (B
a=1

A, =[M,M,] =0A,0"

vacuum: V

+V (M)

M, = 8,(0DO")=0M,0" for M, =y, D]

for A,=[D,M,]

—(Fol f‘lﬁ —- T f‘é)z in Hamiltonian (i = 2,3) - prefer twist in time Iy : clock,

together with fi 3 local boosts - gravitational mass of the particle

(Fw - Fullsimplify[coms[rfl“, M, /.p- v_] , subJ) // MatrixForm

3 52 7} o] 3 =2 7 e
0 g(r3T, -2, -T)T,+T2T))

x clock propulsion?y

g (r3f+6rif-T3F|-6T1F]) g (-T2F,+6TL 1]+

3
5R,,,, +&°Ry,,,, QM
EM

EM-QM-GEM

5 R?

1
Riu,v) [* € {u v}

2 =1 1 =2
T2T,|-6TLTY)

~2 . .
vy - & R{p vy gravity

M) =0

(

.

F,, =[M, M, =0F,O" for F,,=[M, M,



https://link.springer.com/article/10.1007/s10701-008-9225-1
https://en.wikipedia.org/wiki/Neutrino_oscillation#Propagation_and_interference

Why no naked charges in physics — leptons need magnetic dipole?
Maybe hairy ball theorem? - no continuous vector field on sphere - ‘
Uniaxial — biaxial nematic: $ —» S0(3) vacuum: + U(1) phase

e Required additional linear topological defect (magnetic?)

e Hedgehog of 1 of axes: same charge, different mass (3 leptons?) .

hedgehog:
+e charge | «
 field rot.
can be
fractional
for d quark —m/3
antiquark +m/3

- QCD Potential
-V=-4u0,+kr

= I}



https://en.wikipedia.org/wiki/Hairy_ball_theorem
https://link.springer.com/article/10.1007/s10701-008-9225-1
https://www.hep.phy.cam.ac.uk/~chpotter/particleandnuclearphysics/Lecture_07_QCD.pdf
http://theory.gsi.de/~ebratkov/LecturesWS2122/Lecture_String.pdf

Hadronizarion: high energy quark string reconnecting
— simple loops: 3 neutrinos, if twisted: pions, kaons,

q

-,

q

~

inward/outward rotation: quark— hedgehog = charge, knots: baryon

strangeness decay ™: as internal twists (half-rotations)
of muon vortex TT, K

Decays e. eventual vortex twist
nt > ut + vy
m’ >y +y

reconnect

‘ ‘ ,/ A Acolllsmns

8
. i
n -
>
o
"
. . ) <
>
o
=~
+

common

ZO AO St pion
- + 14 kaon/hyperon Xi / pion/hyperon Lambda
+s: left/right twists? -
— — . z°
n’ >p*+e” +7 0s 3neutrinos y

stable, oscillating <

QO ->=Z24+m1,A°+ K™

.. huclei

+
T

E]

o 3

A
A

“’l‘ al =Q“O

K*->u*+v,2Vv3n neutron?/ ‘ \" ¢
0 11 hter: close heavier: sasonte
Ks —z2m N - charge into compensate \ _ vortes
0 b . Interaction
K, - 3m, .. 2 \ hedgehog the charge < \
w — 37, ... Hoolon: g __\\eh ge/h{— < ——— T TN
’ B D mass < €8 > 4—+26/3 <« -e/3—>»
¢(1020) - 2K / ° \ electron vortex inside \ 'Y /

PN

ATt > p+ + 7T+ (2 hedgehogs) T~ ﬁh"muonvortexloop around \

Electron, neutrino ... neutral particle oscillations

\

-~ , regularized
/ in centers

L

longest axis


https://en.wikipedia.org/wiki/Hadronization
https://indico.if.us.edu.pl/event/18/contributions/431/attachments/430/503/MTTD23_Sarmah.pdf
https://en.wikipedia.org/wiki/List_of_baryons
https://en.wikipedia.org/wiki/Neutral_particle_oscillation#Neutral_kaon_oscillation_and_decay
https://en.wikipedia.org/wiki/Neutral_particle_oscillation
https://en.wikipedia.org/wiki/Hopfion

neutron?

heavier: // ‘ \\ vortes

compensate

no EDM__— __ proton?
lighter: close
udu > o o arge into

\\ / hedgehog the Charge/ ® \/interaction
—\\ //— < =W
- <«——te hedgehog > mass :—_—e/3—> Hze@,e_em_’

CrOSS'SeCtlonw / ° \ electronVOFtex‘inside d \ o /7_riegularized

A N - \\ ‘ /7 in centers

o T~ “muon vortex loop around

Wilson 1962

neutrinos?
T

Pu—

due to loo
around? TN —
udu merged in proton? No EDM

Gluons SU(3) — rotate with phase ;4
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https://en.wikipedia.org/wiki/Cabibbo%E2%80%93Kobayashi%E2%80%93Maskawa_matrix
https://en.wikipedia.org/wiki/Pontecorvo%E2%80%93Maki%E2%80%93Nakagawa%E2%80%93Sakata_matrix
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.7.144

Baryons: Wilson 1962 Haddad, Suleiman 1999: Greene 2015

Chorge distribution. — 0.15F neutron 1 heutron .
v < = 1/ o
o 0.05 1T = |
k S T SN LT OO OO i
R i— N & -
© L / -0.05 1 1 1 1 T o 1
neutron ) 0.3 0.6 0.9 1.2 T
| 1 . . f . . 0 0.5 1 1.5 2
Neutron. ‘+” core, “-“ shell, quadrupole (intrinsic, [snﬁ]ectroscoplc is O) r [fm]
g-factors: g, = —2 ~ —2 ~ +5.6 ~ —3.8
Je ) gy, ) gp y9n e prOton? neutr0n7 ‘
L : ” lighter: close| heavier: / \
Deuteron: “two baryons share required charge \ / charge into | compensate/ o . .
Interactio
0.2859 e-fm? - large electric quadrupole moment_ . \ // hedgeh°g< the_ciafe/// \\\\\_
“+-+” (EDM zero), how to get it for p+n? EMC 5/7“ dg‘i‘&—’_ mass €8 xEes) rx el

g = Up + Un —aligned spins/angular mom.? -

/ \ electron vortex.inside \ /regularlze‘
0.857 vs 0.879 uy magnetic dipole moments /

\ in centers
T~ muon vortex loop around - \ ‘ /

“longest axi:

The deuteron: structure and form factors (2001) deuteron?

. : : in?
Advances in Nuclear Physics (energy in loop around spin?) s Y ® 4



https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.7.144
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://journals.aps.org/prc/abstract/10.1103/PhysRevC.63.015202
https://en.wikipedia.org/wiki/G-factor_(physics)
https://en.wikipedia.org/wiki/Deuterium#Magnetic_and_electric_multipoles
https://en.wikipedia.org/wiki/EMC_effect
https://link.springer.com/chapter/10.1007/0-306-47915-X_4

beta __ d@d shift split ~— “° ~_  reconnection 4 0 neitL“O
' —

~
release cont. spectrum proton  electron

neutron

3 neutrinos as loops: from beta decay, very light and stable, |V, s
; L oo - ‘ /,c A2 L L8

oscillating: |vj(t)) = e_ﬁ(Eft_pf'x)|vj(O)) ... electron clock +0.28%7? |

- 5 ¢

mass # flavor eigenbase, “chiral” v, v, same gravity (iI}?)f‘u?
Energy conservation - density/length, vary loop length?

From v, different, favored low energy phase twisting: v, <—>//v{ S i Wi
101, from electron neutring,y, **f(;, from muon neutrino w0y, from taon neutrino ‘ " ':‘ . "-
, , Hllilllﬂl'lillHHWNINH 33 mmm mmmmuuHlﬂmﬂmmmmu S
" mn Rl | e

R T R 1 T o R e R M

Gauge invariance U(1) rotate cross-section: same energy, differ. interact. sterile?
Antineutrino - opposite charge in cross-section ... 1 vs %2?

Beta/decay suggests 1, ¥z - dark matter contribution?
_hmhr T2 ' B — B oscillations, neutral



https://en.wikipedia.org/wiki/Neutrino
https://en.wikipedia.org/wiki/Neutrino_oscillation
https://link.springer.com/article/10.1007/s10701-008-9225-1
https://en.wikipedia.org/wiki/Sterile_neutrino
https://en.wikipedia.org/wiki/B%E2%80%93Bbar_oscillation
https://en.wikipedia.org/wiki/Neutral_particle_oscillation
https://community.wolfram.com/groups/-/m/t/3398814

Charge distribution.

Quarks: ~1% of m, < m,, (?) mass. Clock like electron?

Some issues below, charge distribution more objective
spin crisis: ~40% + ~40% gluons + ~20% angular moment.?
proton radius puzzle: +electron: 877, +muon: 842am

- neutron lifetime puzzle 878s bottle vs 887s beam

- EMC effect: quark distribution modified inside nuclei
three-nucleon force? deuteron quadruﬁhalo nuclei?

i 1 L
1) Aubert, et al., PLB 123, 275 (1 98_3)

___ proton? neutron?
Y 11 hter: close| heavier: / ‘ \

P charge into compensate \ - teraction ” B] Orken
/ hedgehog the charge \/ 1y ; i, .
<7+e h gehog—» mass - e13 —» <+2¢/3 <« -el3%> s
® Q electron vortex inside d \ / , regularized,
in centers
. 4 'muon vortex loop around \ ‘ /
olhions from deformat “longest axis

Quarks: 3 - 2 vortex intrinsic twists £acp = ¥; (i7" (Dy);; ’m%) ¥j — G;’;,,Gg“’
Gluons: G = I tential X I; curvatures, short distance (@ §\ uly P

W< boson: vortex inward /outward “tilt-wave”? =250
Z° boson: vacuum perturbation toward pair creation

beta _ _ (_; = shift ™ split F/\ﬁ reconnection ‘—(:l\_\ é neitho g
decay: v/ - H-\ — enie'rgy F W- -~ Y EIGCU‘-O-]-;‘ . E,
neutron N release — ') proton contin. ¢ | }



https://inspirehep.net/literature/2764031
https://inspirehep.net/literature/1377841
https://en.wikipedia.org/wiki/Proton_spin_crisis
https://en.wikipedia.org/wiki/Proton_radius_puzzle
https://en.wikipedia.org/wiki/Free_neutron_decay
https://en.wikipedia.org/wiki/EMC_effect
https://www.youtube.com/watch?v=nj2mtR3DCzk
https://en.wikipedia.org/wiki/Three-body_force
https://en.wikipedia.org/wiki/Deuterium#Magnetic_and_electric_multipoles
http://theor.jinr.ru/~ntaa/17/files/lectures/Ershov.pdf
https://phys.org/news/2021-10-proton.html
https://en.wikipedia.org/wiki/Deep_inelastic_scattering
https://en.wikipedia.org/wiki/Quantum_chromodynamics

gluon flux tube/color/quark string
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i |

biaxial nematic electron muon conflict tau vortex crossse'ctiron:
vector field + phase ' K e gl ity
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Intermediate step: transform unitary “director” field — rotation matrix field O
Affine connection: 0 — O(I + €I})) for T, = OTOM = 0T6u0 anti-symmetric

Denote its coordinates with 2 vectors: (boosts +) / Og fi)l fiﬂ)z ii}%?’
= 0 —I r
T )3 ,2
EM: Fu = (Fu,sz» Fy,13; FM,21) I'y=0"0,= JgL’l i g _g
,u,2 FM,S 0 Fnujal
GEM: Flf = (T,01, T02, T03) tiny boosts of 0™ axis \ o3 —Lu2 Tun 0

- - - -
3D 1* axis curvature: R, = R7; =, X I, - electromagnetism we will focus on
4D 0™ axis curvature: R79 =T9 x 19 - GEM approximation of general relativit
uv U v
. R ao —ae R R . Fermat principle: Sun’s light bend
4D EM-GEM interaction: ng =T, X F{/g, Rgv = Fug XTI, = —Rvﬂ e.g. GEM slowing EM: time dilation
F., = I}, L] in place of curvature for EM with topologically quantized charge?
0 _Fes [ Rev  _Fes | Re9 . _Fes 4 Red
=2 = L L pr,l vp,l -*f;é/’Q _’V,LL,Z _'e[éLV,S . vi,3
rorg = . 0. CREFEN ) | Eoi-Fn. o cRLa- RN, Fgoa+ Rl
H R, — RS9 RS + RY RS o= R Ros+R5s 0 —RiS . — RIS,
RiSs—R)s —Ri.—Ri. RS,+ED, 0
. . GEM equations Maxwell's equations
GEM - confirmed by Gravity Probe B ,

. . . . V-E; = —4nGp, V-E=—
approximation of general relativity: €
https://en.wikipedia.org/wiki/Gravitoelectromagnetism: |V Bz =0 v.-B=0

OB, OB

VXEg:_at VXE:—E
[T}, [,] vanishes in flat spacetime e 1B . E
. = ——— ———= VxB= J+ ———
GEM causes spatial curvature: V B 2 Bt a ec? ¢ Ot

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


https://en.wikipedia.org/wiki/Fermat%27s_principle
https://en.wikipedia.org/wiki/Gravitoelectromagnetism

Let O matrix rotate some objects, e.g. ellipsoid in biaxial nematic

M(x) =M = 0DO"T fieldfor 00T =1 rotation

D = diag(Ay, A1, A5, 13) with Higgs-like e.g. V(M) = },;(4; — A,-)2

For Ag > Ay > A, > A5 fixed preferred shape — vacuum state

E,B

9,4y + 2,4,

extended quantum

phase for topological

charge quantlzla ion

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

Curvatures: OTFHVO = OT[MM,MV]O ~ :FMD — DFM, [,D — DFV] =
Gauss law « 5 >3 '
topological charge Xf{fj{j ARBTJ\Ql \
Ay > Ay = Ay “R,,
High energy: EM (Al o AQ) (A?) o Al ) (A2 o A3) 0 Ao f/{;
Low energy: QM I-_?,’
QED, ¥ Lorentz group A pw[’\l O /
27413

=. 1
Logp = lp(zy#aﬂ —eyHA, — m)t,b — —F JF*Y

for R, =T, X[, and T, —OTO [, = ([,.32, Tu13, [, 21) as previously

polp s


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< u<v<3

2F,, =2|M,M,|=0,4,- 0,4, for A,=MM,—M, M~ (3Dvacuum)
Cua(Ar—A2)? —Tua(Ar - AS)Q)
O

A >N, = Aj
High energy: EM | __ O
Low energy: QM
P=—ihV —qgA

T,1(A2 — As)?

&

dependence
perturbation A, > 0

— =T

In uniaxial nematic case e.g. simplest (A; = 1,A, =0,A; =0): M=nn

, 0 (’I’_?: X ﬁu)g —(ﬁ X ﬁu)g
Ay = [M,M,| = ||71]|* [ (7 x 7,.)3 0 (7 X 7iy )1
(’I’L X ﬁu)z —(ﬁ X ’ﬁtu)g 0

leading to EM F,,, curvature as Faber: 0, (7 X n,,) — 0, (7 % ‘Tiﬂ) =21, X1,
A A
General: small perturbation A, > 0, shape A dependencein[}, = 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)

EM/Skyrme Landau-de Gennes

QED hcting . unify, also gravity-[ ~ B
Lopp = —{hepyHd P — me*Yp —|F,, F" /4 L=— E : FuyapF"" " — V(M)

_ ff-f/faf;; EM-like aBuv Higgs-like
Landau-de Gennes/EM-like [ z%~"e SO(1,3) minimum

- . . luon
Lorentz-invariant Lagrangian, gQCD
vacuum for long-range interactions| &

V=0:

M=0DO'

—R
vk Fuap = [0,M,0,M]ags

G,1nh charge quantizaton

0cS0(1,3)

F: shape D weighted curvature R

stress-energy tensor+Higgs <& gauge?| 2§ 5 (dyal Oy < tilts
O: 3D rotation + 4D boost E . < £ ¥e A,=|M, Mu] = EM |
D = diagonal(g, 1,5,0) B = 2= =affine connection = v
gravity + EM + QM SR F*=curvature = .»

SRS 8T _ T
g>>1boosts 1 1>>06>0 |55 I ° E v & ZDM_ODQ3D /?]E/f)
~1/G 1 Planckh|= & =5 EE£E0) X —1)| P=—ihV—qA

= {{e, g, gf2, gf‘i}, {-2 i, e, 1, -r2}, {-¢ 2,12, 0, 6T}, {-gf‘i, -T2, 6T,,0}}; (+ g >> 1 >> & > @ approximation «)

m,
(F

o

3 ~2 2
g (rv ru =TI

3 51 1
(r2F,+6T)

1 =2 2 ~1 1 =2
+6T, T +12T) - 61, 1Y)

~3 3 ~2 2 ~3
r,-T,T,+T2 1))

=3 3 =1 153
F,-TF, -6T.T))

Ly = Fullsimplify[coms[ﬁu, M, /o> v] s sub]) // MatrixForm

¥ clock propulsion? y

3 =52 PR 3 52 253 3~1 il ~=E 3 ~1 il =R 7 =il 1 =2 7o il 152
g(ryT, -TiT, -T)T,+T.T)) g(ryT,[+6T3T,-T,T,|-6T.T,) g(-T2T,+6T} T, +T.T,-6T,T,)

(2}

-6R?

3 2 53
-6R,vy ~ B R,y

{H,v}

6R2, .| - g2 Ry, ., gravity

5R3

253
vy + 8 Ryy,yy

EM

2 ~2
+g R{u,v}

v;| EM-QM-GEM


https://opg.optica.org/oe/fulltext.cfm?uri=oe-31-16-26673

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)

(Ao, A1, A2, A3) is shape preferring (A;) shape fixed by model, e.g. V = ¥;(4; — A;)?

Z-vV

(V 0) Assume vacuum case: (1;) = (A;) = (1,8,0) 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

/tiItZ:X1 T2=0

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

With Lagrangian: L = Zﬁgt=1 HF#D”IZ? - 215#@53 ||F['.W||F 7L23 all 3 elongations: |[B| = |E*| (dominated in 4D) E"i = I_?'m
for E,, = [a M, 61,M] =a,4, —d,A — [M, 5 M] for Xt: = (—V - BY, 9yB' + V x E') as in Maxwell equations 51,2,3 = (§32,§13,ﬁ23)
u u " u 0 B B, B
Variating Lagrangian in vacuum (V = 0): Euler-Lagrange evolution equation: | — § & 3*
-By FE, -—-E; 0

p ([Fv [ﬂ’I;U G ]] [Fﬁ’ [HV? G’H)

0= Z d,.,Tr (F

+ \F,uy,.v [H,u- 9 G’} _

F#y,,u [H'” G’]) tllts

E) =

“Maxwell for 2 tilts (high energy) as:
~Klein-Gordon for twist (low energy) as:

for hedgehog:

Xl .l"3-=
X?-T3=X3.T?

20, = ( (v — Areds)” + (e v)2 W

0=x1.r2 EM

Z
oY
twist

A hedg
|Ahedg|

d = DiagonalMatrix[{1, &, ©}]; (» ellipsoid shape, & ~ A =*)

Gx = {{0, 0, 9}, {0, O, -1}, {O©, 1, ©}}; (+ twist generator =)
ay = {{0, 6, 1}, {9, 0, 0}, {-1, @, @}}; (+ tiltl generator «)
Gz = {{0, -1, @}, {1, 0, @}, {9, 0, 0}}; (+ tilt2 generator «)
Ga={{1, 0, @}, {0, 0,0}, {0, 0, 0}}; (+ 3 elongation generators =)

Gb = {{e, @, @}, {0, 1, 0}, {0, 0, 0}};

Gc = {{0, @, 0}, {0, O, O}, {@, @, 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;
cd = {{3, 2}, {1, 3}, {2, 1}}; (* €iqk*)
vect[m_] := Table[m[cd[i, 1], cd[i, 210, {i, 3}1; (=
r, = {{0, -}, ri}, {rl, e, -ri}, {-rl, 1L, 0} };
sub = Table[Cross [{r}, r7, r}, {rl, rZ, }}]OiD =Ry, ,,» {1, 3}];
M, =com[T,, d]; T, =T, /. u—>v; M, =com[T,, d]; F,, = Simplify[com[M,, M,], sub] H

(+ commutator =x)

> rotation vector «)
(» its matrix form «)

fin = Table[Sum[v /. p =@, {v, 1, 3}] -Sum([v /. {u - cd[i, 1]
{i, 3}1, {v, vr}];
subl =
Flatten [Table[{Rq,j) = Bjs Ricaps,1y,cars,on = Ej»
Table [{Rig, 5,1y = B{j,ky5 Ricaps,mm,cars, 2,0 = Egioin}s (K5 @5 33]}s (3, 33, (3, 3] ]5
Column [FullSimplify[fn = fin /. subl], Dividers - All]
(B?l 1t B?z,z;- + 3?3,3}) g -

2 2
r3 (B30, + Ef10

(* Lagrangian =
(+ rename R curvatuies a> pbc 1icius =

(B3,,1, +B%,,5, + Bl5,3,) To + ~Klein-Gordon

2 2 3 3 3 3 2 2 2
- El2,1)) ~ T3 (Bls,e) + Ef1,2) ~Ela,1y) + T3 (Bla,e) ~Efy,3) + Efyny) -

T3 (BY2,0) - Efa,3) * Ela,yy) * T4 (Blie, + Dy ~Es)) ~T1 (Bhe) + By, - Els g
(B%l 1+ Blgay + 3%3,3;) T3 - T3 (Bls,e + El12) - qujz,u) - ~Maxwell1l
T3 (Bla,e; ~ Efa,3) + E3,1y) - 1 (Bla,e + E72,3) ~ Els,2)

- ((Bt1,1, +Bla,2) +Bl33,) Tg) + T3 (Blye) + Ela2) ~ Ela,)) + ~Maxwell2
I3 (B0~ El1,3, * E3,19) + 1 (Bls,e; * El2,3) ~ Bz

vrip = Table[Simpli-Fy[Tr*[Fw (com[T,, com[M,, Gp]] - com[T,, com[M,, Gp]]) +
(Fuv /. Table[R; vy Riuyv,vys (s 3}]).com[M,, Gp] - (
(F. /. Table[R, ., > Ri,\,.p» {is 3}]).com[M,, Gp]1]], {Gp, Gpt}];

xintegrate by partsx)

vr = Slmpll-Fy[Serles[vr‘J.p/ {262, 2, 2, -4, 2, 2}, {5, @, ©}] // Normal, sub]

{Rum,
1
Riu,‘vﬂ} T

3
v

2
v

3 2 2
v T R , IO +R v

3 l 1
T"” _R‘:P: }T + R{ LV}

, T2 7R2
Rl

(e va}

r
R!

(R]'EP‘;V))Z’ ( {JM)Z’ (R%ﬁ-‘:\‘})z}

(BT)%+ (B3) %+ (B3)* - (B1)? - (3)* - (E3)° electric field enforces magnetic (?)
(51)2 + (B3)?+ (B§)2 - (El) (£3) 2 (E3) 2 -> de Broglie clock/zitterbewegung?
(B1)%+ (B3)*+ (B3)? - (E})* - (E})%- (E3)? 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
BT



Hedgehog ansatz for longest axis (+1 charge), with ¥ (t, x, y, z) phase/twist function
In vacuum (4 = 0) leads to Klein-Gordon-like: (£ — qu)zz/) = (P — qAd)*yY + m*y

: 1 A, . .
dual formulation (E & B): A9 = = (x,y,2) (E =iho, , p = —ihV)
Y = exp(iy) p¥ = —iV¥ = YVy here from: X2 - T'3 = X3 . T2

e 2
Dirac equation? (also zitterbewegung) we get wave-like: 20,y = <(v Ahedg) + (Ah i 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 L(1+e) +(a—ib) 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

~1 =2 =3
9 Iy a1y
_ _ boost+|[ ., .
d = DiagonalMatrix[{g, 1, §, ©}]; cd = {{3, 2}, {1, 3}, {2, 1}};com[A , B ] :=A.B-B.A; I (% - 1
& = DiagonalMatrix[{-1, 1, 1, 1}]; (+ signature - coms[A , B ]:=A.§.B-B.E.A; / ~2 3 1
=1 =2 =3 =1 3 2 ~2 .3 rl T : o TR @ -y
r, = {{9 r,, T2, T } {r#, e, -T;, PH], {r'p, r, 0, - } {I‘H, -T3, T}, a}}; (+3D rot +[boostp || | | , .
~q e -y, -I I' (%)
G4 = Table[toeffn:lent[r_u, v, {v, {I‘i, r2, r3, I}, 2, ra}}] (+ rotation + boost generators 'L ¥ uoTH
dg = Table[tm = Table[©, 4, 4]; tm[i, i] =1; tm, {i, 4}]; «+ elongation generators =
Gpt = Join[Table [coms [G, d], {G, G4}], dg]; (# G' size 3+3+4=10 tables =«
sub:Flatten[Table[{Crnss[{rl rz, r’}, {ri, r2, r3}] i1 =Ry, > (+ EM curvatures «
cross[{T}, T, 1}, {1, F2, B} 0iD =Ry, }s (4, 33] ]
ds[a_] :=Flatten|Table [{R{, ) = Riuv,0p0 Riuu) = Riv,or b (35 335 (+ derivatives
cs = Flatten[Table[{r, >0, I, » 0}, {i, 3}]]; « assume EM E=B=© here
M, =coms[Tr,,d] /.¢cs; T, =T, /. u=>v; M,=coms[I',, d] /. cs; F,, = Simplify[coms[M,, M,], sub];
vr = Table[Tr[F,,.£. (coms[T,, coms[M,, Gp]] - coms[T",, coms[M,, Gp]]).& + (# evolution equations «
(Fuy /- ds[v]).E.coms[M,, Gp].& - (Fy, /.ds[u]).E.coms[M,, Gp].€], {Gp, Gpt}] /. cs; 0 B, Bs Bs
~ i ~i i : — —
subl = Flatten [Table[{R{m} - B, Ricaps,ag,edpi,2n; = B (+ GEM EB fields = By 0 E3 E
. o =i ~i _ ) —By —F3 0 F,y
Table[{“fa.j,km 2 B0 Ricaps,an,edns,an,i0 "ﬂ{j.k}}i (ks o, 3}]}’ {1, 3}, 3, 3}]]5 —Bs E; —E; 0

fin = Simplify[Table[Sum[v /. u->8, {v, 1, 3}] -Sum[v /. {u > cd[i, 1], v cd[i, 2]}, {1, 3}], {v, vr}]1];
Column[fnl = Limit [ (fin[[4 ;; 6] /. subl) /2 /g"4, g - Infinity] // FullSimplify, Dividers - All]

|ié?1,1- + g?z,z- + E%;};;} Ig - |i|§?1,1- + géz,z- + E‘-Zs,a_- ) T'g + I3 [é?a,a- + 80 - B ) - 13 [é?a,a- + 8,0 - Bl +

I3 [El;z,aj - E?I,E} + 2%3,1;) - T3 [E?E,Bj - E?Ls; + E?S,l}} +T1 (Bly,e) + B{2,3) — Ef3,2)) ¥ ':E.;:l e} + Eia,3) - E?s,z )
- { rB;l,l + E‘?z,z + §33,3 ) l%,' + (B + Blg + §13 3] g -13 ﬁéla @ +E}1J2 Et,qy) + 13 [é 3,0 +E11 2 ‘-1?2,1'_| -
I3 (Blz,e - Ela,ay + Elsay) + T3 (Blayes - Bhays ‘E?a,l ) - T3 (Bls,e) + Eloay - Els,0y) + 1 (Bly,e) + Eloy3y - Ea2)
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https://en.wikipedia.org/wiki/Gravitoelectromagnetism

Time crystals: “oscillation by energy minimization”, no-go thm.? ‘2
forms coupled “pilot” wave, leading to quantum phenomena |

required by relativistic QM: ¥ ~ exp(—iEt/h) for E = mc*

e.g. for electron also in angular momentum, and neutrinos ,

don’t radiate!
“propelled by mass” - structure of particle, like H < —(¢o10; — P11)?

electron angular momentum: rotation in 2D plane ... neutrino: 3D rotations?
electron muon taon neutrinos as quark string/topological vortex loop
4 electron

oy e

electron

SRR


https://en.wikipedia.org/wiki/Time_crystal
https://en.wikipedia.org/wiki/Time_crystal#History
https://dualwalkers.com/eigenstates.html
https://community.wolfram.com/groups/-/m/t/3398814

Perturbative approx.: probability densities, creation operators ...

a,b c b c,.d_ e

. —30,950,9% — 9:f**0,9890 95 — 292 f ¢ f*%qbgcglge +
Standard model — 26+ parameters, Lagrangian-—» Lig2(@7"q7)gt + GU0°G“ + g, f“”‘auG“qu,t W a,W, -
, _ : . S, EM‘Zn'ﬂr—— 30,230,2% — 5 M 2370 — 10, 4,,0,,,‘4,,—50,,1{0,,,1{—
Noncompatible with gravity (“too big infinity”) < i.2m o6 0,6 — M2ets- — 16,690,680 — L Meo6— 5, [mz
" - . DOULH 4+ L(H?+ ¢°¢° + 26t ¢7)] + 24 (r,l—l(](u[() ZOWFwW,;
Taylor expansion” of some simpler model? % W) — W0, W — W-9,WH) + Z5W0,W-
h h for it? bative: fields © II’,,‘&,,II’,T)]—fzigsw[&,A,L(H'jU’,j—II';H'”‘)— A, (W, au—
Where to search for it? Non-perturbative: fields ' © % i) 4 wram- “wio,wi) L lewow wa
] o a\ LPWIW,WIW, + g2 (Z0W,Z0W,; Zgzgn W) +
EM-hydro analogy, particles as liquid crystals? 'S, S ANA, W, = AyAJVAW,) + g sucol A 2O (W W
o L ) o WW, )—24 Z"II W] — go[H? + Hp'¢® + 2Hp ]—
charge quantization + Coulomb-like interaction ... | ™ 120, [ (601 +4(6+ 6 )7+ 4(6")26+ 6 +AH2H* 6~ +2(6°)2H?)

Postulate skrymion-like Lagrangian for M:
L =—Fu,gF"** —v(M) (Higgs)

(SO(1,3) vacuum)
~) F field curvature
(h,G weighted)

(R mﬁ_[aMaM]

EM >> quantum phase >> GEM vacuum dynamics
EM with built-in charge quantization, regularization

3 leptons: same charge — different mass, u # 0

3 neutrinos: very stable, oscillations, Tbeta decay
3 families of baryons: m,, <m,,my; <m, + m,
deuteron with quadrupole moment, g = p, + Uy
nuclei as knots — also halo neutrons in e.g. ~5 fm
string hadronization reconnections ... effec}l»

Feynman ensemble of topological defects — QFT
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https://en.wikipedia.org/wiki/Standard_Model
https://en.wikipedia.org/wiki/Mathematical_formulation_of_the_Standard_Model#Free_parameters
https://www.symmetrymagazine.org/article/the-deconstructed-standard-model-equation
https://en.wikipedia.org/wiki/Quantum_gravity#Nonrenormalizability_of_gravity
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/Deuterium#Magnetic_and_electric_multipoles
https://en.wikipedia.org/wiki/Halo_nucleus

