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® Why do we want to study solitons ?
® Magnetic Monopoles
® Gravitational waves from cosmic phase transitions and Cosmic strings

® How to detect their gravitational waves?

Motivated by the desire to explore the new tool: gravitational waves
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A new era for astronomy, and fundamental physics
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GW generation requires macroscopic mass/energy
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How to study particle physics with GWs? Answer: make it much bigger 5
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How to reconcile the two standard models?

Particle Physics Cosmology

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons] )
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Physics Beyond the SM?
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REVIEW What is dark matter? (solitons)

Why more matter than anti-matter? (phase transitions, solitons)
The new frontier of gravitational waves 11

M. Coleman Miller'** & Nicolds Yunes®*







® Both are solitonic solutions to classical field equations

@ Differ in the nature, context, and how they are stabilized

Topological Solitons Non-Topological Solitons
Static Solution Bose-Einstein Condensate of
(Theory with Spontaneously Broken Symmetry) Ultralight particles (DM)
Definition ¢ Global symmetry  (Skyrmion, Cosmic String) e Galactic scale (DM Halo)
e Discrete symmetry (Domain wall) e Stellar scale (Boson stars)
e Local symmetry  (Monopole, Cosmic String or Vortex line...)
e Pure gauge theory (Instanton)
Boundary Non-Trivial (heeds degenerate vacuum states) Trivial vacuum state
Conserved Charge, and Balancing
Stabilized Topology (boundary field values) e uantum pressure
by e gravity (or not, Q-balls etc)

e self-interactions (or not)

13
Weinberg, QFT Vol2; Topological Solitons, Manton, Sutcliffe
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@ Firstly proposed to form in the early universe (Kibble,1976) Name variant:
Topological Defects

(None observed)
@ Later proposed to form in condensed matter systems (Zurek, 1985)

(already oberved)
The Cosmological Kibble Mechanism in the

Laboratory: String Formation in Liquid Crystals

. Science, 263 (1994)
Mark J. Bowick,* L. Chandar, E. A. Schiff, Ajit M. Srivastava

Topology of cosmic domains and strings

T W B Kibble J.Phys.A9 (1976) 1387-1398
Blackett Laboratory, Imperial College, Prince Consort Road, Lo

Received 11 March 1976 www.theguardian.com
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first order PT, cosmological defects (cosmic string)
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