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The Standard Model of Particle Physics

Credit: https://www.fas37.org



Elena Koptieva, UIUC Physics, 2025

The Standard Model of Particle Physics

Credit: zombiu26 / Adobe Stock

CP-symmetry - charge conjugation parity (“mirror”) symmetry.
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Element Origins
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In 1967, Andrei Sakharov identified three necessary ingredients for any process 
that starts from zero net baryon number and produces a nonzero surplus of 
baryons over antibaryons:

1. Baryon number violation (ΔB≠0)

2. Charge conjugation (C) and charge–parity (CP) violation

3. Departure from thermal equilibrium

No single one of these is sufficient; together they allow a tiny asymmetry to 
develop and then survive.

Sakharov Conditions



SGUT-Scale Baryogenesis
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Electroweak Baryogenesis
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Source of New CP-Violation

• We know the Standard Model’s CP-violating rate is far too small.

• What additional CP-violating interactions exist? Possibilities include extra Higgs 

sectors, new fermions with complex Yukawa couplings, or heavy neutrino 

mixings. Identifying these sources is crucial both for baryogenesis and for 

explaining observed matter–antimatter imbalance.

Order of the Electroweak Phase Transition

• A strongly first-order transition is required to prevent wash-out of any generated 

asymmetry, but the SM predicts a smooth crossover.

• Does nature include additional scalar fields or new particles that modify the Higgs 

potential sufficiently to induce bubble nucleation?

Connection to Dark Matter

• Could the physics that generates the baryon asymmetry also explain dark-matter 

abundance?

• Scenarios like asymmetric dark matter posit a shared origin for both relic 

densities, linking CP-violation in the dark sector to visible-sector baryogenesis.

Key Puzzles
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Electric Dipole Moment (EDM) Searches

o EDM experiments (neutron, proton, electron, and diamagnetic atoms) probe 

CP-violation far beyond collider reach.

o Next-generation sensitivities aim for orders-of-magnitude improvements, 

directly testing many beyond-SM baryogenesis models.

Gravitational Waves from First-Order Transitions

o A strongly first-order electroweak transition would produce a stochastic 

background of gravitational waves.

o Space-based detectors (e.g., LISA) and pulsar-timing arrays may detect these 

signals, offering a “smoking gun” for electroweak baryogenesis.

Neutrino Facilities and Leptogenesis Tests

o Long-baseline oscillation experiments (DUNE, Hyper-Kamiokande) will 

measure the Dirac CP phase in the PMNS matrix.

o Neutrinoless double-beta decay searches probe Majorana mass terms—key 

ingredients in thermal and resonant leptogenesis scenarios.

Future Experimental Directions
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