
(How) could AI (help to) find deeper physics? 
Many TOE claims – ignored by mainstream, now AI can rigorously test 

Why needed? 1) Problems e.g. unify with gravity, derive “beyond SM”, etc. 

2) complexity: gigantic guess&fit “epicycles”, parameters: ~30 → a few  

3) particles are field configurations, not points – perturbative approx.  

finish “shut up and calculate” understanding impossibility ~creationism 

Early: LLM vibe physics word salads, “find TOE and show its greatness” 

Now: autonomous environments with rigorous top AI-agents  

writing and running simulations to test various physics agreements, 

like github/OpenWave (Fable): 21 criterions e.g. charge quantization 
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https://en.wikipedia.org/wiki/List_of_unsolved_problems_in_physics
https://www.youtube.com/watch?v=TMoz3gSXBcY
https://github.com/openwave-labs/openwave/blob/main/MODELS.md
https://en.wikipedia.org/wiki/Paul_Werbos
https://en.wikipedia.org/wiki/Paul_Werbos
https://en.wikipedia.org/wiki/Marc_Fleury
https://en.wikipedia.org/wiki/Marc_Fleury


Why do we need deeper physics? 

1) E.g. SM incompatible with GR … 

EMC: quarks in nuclei don’t work 
 

2) General form able to guess&fit all 

Derive like Copernican Revolution? 
  

e.g. M5:   𝓛 = −𝑭𝝁𝝂𝜶𝜷𝑭𝝁𝝂𝜶𝜷 − 𝑽𝐇(𝑴) 

quantized charge: 𝑭𝝁𝝂𝜶𝜷 = [𝝏𝝁𝑴,𝝏𝝂𝑴]
𝜶𝜷

 

unifies EM+QM+GEM +particle menagerie 

from ~3 parameters derive ~30 of SM 
 

3) Particles are fields not points 

e.g. electron: 𝑬 ∼ 𝟏/𝒓𝟐, dipole,  

angular momentum – of field 

 

 

 

(new!) Copernican Revolution 

fields              points 
 

https://en.wikipedia.org/wiki/EMC_effect
https://github.com/openwave-labs/openwave/blob/main/openwave/xperiments/m5_liquid_crystal/__M5_model_briefing.md


Nonperturbative Lagrangians: look simple, hard to simulate  

e. g.  𝓛 = −𝑭𝝁𝝂𝜶𝜷𝑭𝝁𝝂𝜶𝜷 − 𝑽~𝐇𝐢𝐠𝐠𝐬(𝑴) for 𝑭𝝁𝝂𝜶𝜷 = [𝝏𝝁𝑴, 𝝏𝝂𝑴]
𝜶𝜷

    AI can help 

If human models insufficient, AI can improve, search e.g. evolutionary style  

Towards AI-assisted neutrino flavor theory design: nature.com/articles/s42005-026-02627-2 

 

Agentic Exploration of Physics Models: journals.aps.org/prx/abstract/10.1103/xnqc-q6nt 

 

http://www.nature.com/articles/s42005-026-02627-2
https://journals.aps.org/prx/abstract/10.1103/xnqc-q6nt


Properties to test for SM + gravity? 
Charge quantization: why not 𝑒 → 𝑒/2 + 𝑒/2 

Coulomb, Lorentz covariance → magnetism 

running coupling (Universe, Phys. Rev. D) 

½ spin: same field by 𝝅 rotation e.g.:  

“time crystals”: (3) neutrino oscillations, 

electron: angular momentum, Klein-Gordon 

magnetic dipole, Larmor precession 

3 leptons, muon/taon decay → neutrinos, 

para/ortho-positronium → 2/3 photons 

𝒎𝒆+ ≪ 𝒎𝐩+ < 𝒎𝐧𝐞𝐮𝐭𝐫𝐨𝐧 of + core/- shell 

beta decay, Cornell potential +~1GeV/fm 

𝒎𝒅 < 𝒎𝒑 + 𝒎𝒏, quadrupole electric mom. 

larger nuclei, levels, decays e.g. beta, halos 

pion, kaon, decays, e.g. Λ0 → 𝑝+ + 𝜋− 

masses/energy, CKM, PMNS, SM param. 

Newton (→GEM), light bend., time dilation 

https://en.wikipedia.org/wiki/Relativistic_electromagnetism
https://www.mdpi.com/2218-1997/11/4/113
https://journals.aps.org/prd/abstract/10.1103/8zn4-rwth
https://en.wikipedia.org/wiki/Time_crystal
https://www.jstor.org/stable/25766725
https://en.wikipedia.org/wiki/Cornell_potential
https://en.wikipedia.org/wiki/Deuterium#Magnetic_and_electric_multipoles
https://en.wikipedia.org/wiki/List_of_baryons
https://en.wikipedia.org/wiki/Halo_nucleus
https://en.wikipedia.org/wiki/List_of_mesons
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://en.wikipedia.org/wiki/Standard_Model
https://en.wikipedia.org/wiki/Gravitoelectromagnetism


  Ideally: “talk with models” by AI-agents? perceptive-gleam.lovable.app : 

“time crystal” 

with oscillations 

Larmor prec. 

https://perceptive-gleam.lovable.app/
https://en.wikipedia.org/wiki/Time_crystal
https://en.wikipedia.org/wiki/Neutrino_oscillation
https://github.com/openwave-labs/openwave/blob/main/openwave/xperiments/m5_liquid_crystal/research/findings/m5_21_9_note.md


Liquid crystal long-range interactions due to nontrivial vacuum like for Higgs 𝑉(𝑛⃗ ) = (|𝑛⃗ |2 − 1)2  

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 

“Fusion and  fission of particle-like chiral nematic vortex knots”, baryon number (Nature Physics)   EM-hydro analogy 

 

 

  

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.nature.com/articles/s41567-025-03107-0
https://www.researchgate.net/publication/284166762_The_analogy_between_electromagnetism_and_hydrodynamics


Gauss law should give 𝒆ℤ –interpreting field curvature as electric field, 𝑭∗ 

Electric charge = ∮ 𝐸 ⋅ 𝑑𝐴
𝑆

=
𝑒0

4𝜋
∮ 𝑑𝑢 𝑑𝑣 (𝜕𝑢𝑛⃗ × 𝜕𝑣𝑛⃗ ) ⋅ 𝑛⃗ 
𝑆(𝑢,𝑣)

 = topological 

Teleparallelism – “attempt by Albert Einstein to base a unified 

theory of electromagnetism and gravity” – let’s make it work! 

Tetrad: 4 orthogonal vectors, like  

liquid crystal Landau-de Gennes model 

𝐜𝐨𝐦𝐛𝐢𝐧𝐞 𝟑 (𝐬𝐩𝐚𝐜𝐞) 𝐨𝐫 𝟒 (+𝐭𝐢𝐦𝐞)  

𝐯𝐞𝐜𝐭𝐨𝐫𝐬 𝒏⃗⃗  𝐢𝐧𝐭𝐨 𝐫𝐞𝐚𝐥 𝐭𝐞𝐧𝐬𝐨𝐫 𝐟𝐢𝐞𝐥𝐝:  

𝑴 = ∑ 𝝀𝒊𝒊  𝒏⃗⃗ 𝒊 𝒏𝒊
𝑻 ≈ 𝑶(𝒈≫𝟏, 𝟏, 𝜹∼ℏ, 𝟎)𝑶𝑻  

 
  

- tiny boosts of longest time axis give GEM (gravitoelectromagnetism) 

- tilts of 2nd axis give EM with topologically quantized charge 

- low energy twists around 2nd: quantum phase with ~Klein-Gordon  

 

elementary 

charge + 

dipole, 

angular 

momentum 

Various energy: 

𝑶𝑻𝝏𝝁𝑶 = (

𝟎 𝚪̃𝟏 𝐛𝐨𝐨𝐬𝐭 𝚪̃𝟐 𝚪̃𝟑

𝚪̃𝟏 𝟎 −𝚪𝟑 𝚪𝟐

𝚪̃𝟐 𝚪𝟑 𝐭𝐢𝐥𝐭 𝟎 −𝚪𝟏

𝚪̃𝟑 −𝚪𝟐 𝐭𝐢𝐥𝐭 𝚪𝟏 𝐭𝐰𝐢𝐬𝐭 𝟎

) 
dynamics: 

𝑂 ∈ SO(1,3) 

electron? 

https://en.wikipedia.org/wiki/Teleparallelism
https://en.wikipedia.org/wiki/Landau%E2%80%93de_Gennes_theory
https://en.wikipedia.org/wiki/Gravitoelectromagnetism
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Field energy: ~Coulomb potent. 

𝑬 ≈
𝒎𝟎

√𝟏 − 𝒗𝟏
𝟐

+
𝒎𝟎

√𝟏 − 𝒗𝟐
𝟐

+ 𝑽(𝒅) 

 3D, cutoff 𝝐 around singularities: 

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

  

The same charges: repulsion 

Opposite charges: attraction 

V(d) effective potential 
for 2 point approx. 

cylindrical symmetry 

colors: energy density H 

d 

https://github.com/JarekDuda/liquid-crystals-particle-models/


en.wikipedia.org/wiki/Time_crystal: “oscillating in lowest-energy state” 

like electron angular momentum (𝒎), neutrino oscillations (𝒎𝟏,𝒎𝟐,𝒎𝟑) 

𝑬 = 𝒎𝒄𝟐 in 𝝍 ∝ 𝐞𝐱𝐩(−𝒊𝑬𝒕/ℏ) - literally propelled by mass of particle 

4D liquid crystals: −(Γ0
1 Γ̃𝜇

𝑖 − Γ𝜇
1Γ̃0

𝑖)
2

 negative Hamiltonian terms 

preferring nonzero time derivatives 𝚪𝟎 in presence of mass: boosts 𝚪̃. 

Fable 𝑬(𝝎) minimization for electron, should give 𝑬 = 𝒎𝒄𝟐 = ℏ𝝎 
Klein-Gordon derivation for twists 𝝍 

Test of 𝝎(𝑩) Larmor precession   

  

https://en.wikipedia.org/wiki/Time_crystal
https://github.com/openwave-labs/openwave/blob/main/openwave/xperiments/m5_liquid_crystal/research/findings/m5_21_3_note.md
https://github.com/openwave-labs/openwave/blob/main/openwave/xperiments/m5_liquid_crystal/research/scripts/m5_6_1_kg_operator_check.py
https://github.com/openwave-labs/openwave/blob/main/openwave/xperiments/m5_liquid_crystal/research/findings/m5_21_9_note.md


Leptons: hedgehog of 1 of 3 axes 

E.g. Fable muon → electron decay  
indeed releasing energy (not 𝛾) 

difference only as neutrinos:  

topological vortex knots 
 

 

 

 

 

  

What fields? 
rapid field  

rotation? 

https://github.com/openwave-labs/openwave/blob/main/openwave/xperiments/m5_liquid_crystal/research/findings/m5_21_6_note.md


Quark-antiquark, string/QCD flux tube: Abrikosov vortex       

 

 

Binding of halo nuclei like Boron-8 with proton for 770ms 

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                           
  

energy minimum 

binding  

larger  

nuclei? 

-1/3 𝜋  +1/3 𝜋  

is it 0? 

Energy 

density 

nuclear ∼ 1fm 

link 

non-perturbative? 
Finally deeper 

understanding of 

nuclear physics – 

e.g. for 

fusion/fission 

optimizations 

~1GeV/fm 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054504
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


  gluon flux tube/color/quark string 

contin. 

Many more to simulate … consequences? 


