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SPONTANEOUSSYMMETRYBREAKING



SUMOF VACUUMS IS TRIVIAL



THESUMOFVACUUMS IS TRIVIAL

Why can we sum over different vacuums which repreesnt in principle different
Hilbert spaces?



EACH VACUUM IS ORTHOGONAL TO EACH 
OTHER AT THE THERMODYNAMIC LIMIT



SPONTANEOUSSYMMETRYBREAKING

Vacuum condition

Arbitrary selection of the direction 

Vacuum redefinition



Nambu-GoldstoneTheorem

Nambu et al. 1961
Vacuum condition plus mass matrix

Vacuum is not invariant under the action of
the whole group.



Nambu-GoldstoneTheorem

We can define a conserved current as



Nambu-GoldstoneTheorem

Lie algebra structure

Standard definition of vacuum

Degenerate vacuum condition

Order parameter

Nambu-Goldstone field commuted with 
broken charge



Nambu-GoldstoneTheorem

Convenient separation

Example of order parameter for the
case of symmetry.

Spacetime translational invariance



Time-independence guarantees gapless condition



DISCREPANCIESBETWEEN TYPEIANDIINGB

1) Dispersion relation.

2) Counting rule. Watanabe and Murayama.

Generic form of order parameter



QUANTUMYANGBAXTEREQUATIONS



QUANTUM YANGBAXTEREQUATIONS



QUANTUM YANGBAXTEREQUATIONS

In simplified notation



QUANTUM YANGBAXTEREQUATIONS

Exchange of particles

Witten 2016,
Kostello 2013

Symmetry 2019, 11(6), 803



QUANTUM YANGBAXTEREQUATIONS

In simplified notation we get



QUANTUM YANGBAXTEREQUATIONS

M. Jimbo 1989,



QUANTUM YANGBAXTEREQUATIONS:TYPEB NGB

Spatial integration



APPLICATIONS

• 1). Color superconductors.
• 2). Black Holes.

• 3). Neutrino oscillations?



NGBINGRAVITY:BLACKHOLES



NGBINGRAVITY

The Area of the event horizon measures the entropy.

Dvali et al, 2011



HAWKING RADIATIONAS A MANIFESTATIONOF SSB
Symmetry 2024, 16(5), 519



SSB conditions over a Black Hole

What is the interpretation of negative particle number operators?
Antiparticles? Particles eaten by the Black Hole?





YangBaxter 
andtheneutrino 
massproblem



FLAVOR CHANGES ARE NOT STRANGE INSIDE 
THE ELECTROWEAK THEORY

However, it only occurs when charged currents 
are involved. It is not the neutrino case.



Origin of mass of particles inside the 
Electroweak theory

Electron, muon, tau, get mass via Higgs mechanism with
Terms introduced by hand



BOSONS Z AND W
Get mass via Higgs mechanism but this time with terms emerging from a gauge principle.

Not put by hand.



WHAT ABOUT THE NEUTRINOS?
SUPERPOSITIONOF VACUUMS



DEGENERATE 
VACUUM

By using the QYBE

This convert into the following expressions

The first two equations are redundant

arXiv:2409.00560 [hep-ph]



Theresultsmatchwiththeobservations!!!
Could be coincidence?

arXiv:2406.02641



CONCLUSIONS

• 1). Symmetries govern the interactions.
2). The Nambu-Goldstone theorem emerges from constraints 
emerging from the QYBE, when we analyze the interaction of pairs of 
Nambu-Goldstone bosons.

• 3). Hawking radiation is a mechanism of spontaneous symmetry 
breaking.

• 4). The neutrino mixing angles follow an approximate triangular 
pattern, interpreted via QYBE.


