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18. Andrei Sakharov — Matter—Antimatter Asymmetry

1) Brief Biography & Context

Andrei Sakharov (1921-1989) was a Soviet theoretical physicist, best known for his role
in developing the hydrogen bomb and later as a human rights activist. Beyond politics,
Sakharov made one of the most profound contributions to cosmology: proposing
mechanisms that could explain why our universe contains more matter than antimatter.
His 1967 paper on baryogenesis introduced conditions that remain the foundation for

modern cosmological models of asymmetry.

2) Core Theory (Baryogenesis Conditions)

Sakharov identified three necessary conditions for generating a matter—antimatter

imbalance in the early universe:

1. Baryon Number Violation (AB Z 0) — Physics must allow processes that do not

conserve baryon number (B).

2. C and CP Violation — Symmetries must be violated so that matter and antimatter

behave differently.

3. Departure from Thermal Equilibrium — The expanding universe provides the necessary

nonequilibrium environment.
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3) What the Theory Explains Clearly

- Why the observable universe is dominated by matter instead of equal parts matter and

antimatter.

- How the asymmetry could have been generated shortly after the Big Bang.

- Why high-energy processes in particle physics are crucial for cosmology.

4) Unresolved Issues / Limitations

- Standard Model CP violation is insufficient to explain observed asymmetry.

- The exact baryogenesis mechanism remains uncertain (e.g., electroweak

baryogenesis, leptogenesis).

- Observations show almost no antimatter galaxies — why annihilation wasn’t more

complete is debated.

5) Sakharov’s Perspective

Sakharov recognized that explaining why matter exists rather than nothing is one of the
most fundamental questions. For him, asymmetry was existential: the very possibility of

stars, planets, and life required it.

6) CUWF Interpretation (Closing the Gap — Extended)

6.1 Baryon Number Violation as Wave Reconfiguration

Particles are stable resonance knots in the Still Wave. At high energies, resonance knots

can reconfigure, allowing baryon number to shift.
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6.2 CP Violation as Phase Asymmetry

CP violation is a phase bias in the Still Wave lattice, embedding a slight tilt that ensures

matter is favored.

6.3 Nonequilibrium as Entropic Gradient

The rapid cooling and expansion after the Big Bang is the Still Wave shifting into a

steeper entropic gradient.

6.4 Why the Universe Survives in Matter Form

Annihilation is never perfectly balanced; the lattice stabilizes one polarity of resonance

(matter) more than its mirror.

6.5 The Existential Implication

Asymmetry is not an accident but a necessity — without it, the lattice would collapse into

stillness with no structures.

7) Summary & Transition

Sakharov showed that without asymmetry, the universe would be empty. CUWF reframes
his conditions as wave-lattice mechanisms: baryon reconfiguration, phase asymmetry,
and entropic gradients. Asymmetry is not a flaw but the creative bias of the Still Wave.
This prepares us to explore Stephen Hawking, whose work on black holes and the

information paradox pushes the asymmetry problem into extreme regimes.
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