| ._j

4 University of Chinese Academy of Sciences

(Non-)Topological Solitons:
Detection with Gravitational Waves

Huaike Guo

UCAS (ICTP-AP)

et 20, e Workshop on Multi-front

Exotic phenomena i in Particle

LIGO-Virgo-KAGRA collaborations, PRL [2101.12248]
and Astrophysms (M EePA 2023)

(U. Utah group: Yue Zhao, HG, Fengwei Yang)
HG, Sinha, Sun, Swaim, Vagie, JCAP [2010.15977]

HG, Sinha, Sun, JCAP [1904.07871] 19-22 Qctober 2023 9 e /
HG, Shu, Zhao, PRD [1709.03500] Hefei /

HG, Miller [2205.10359] Universit of,S-g|ence and Techno-lo of China






Appear in solutions to fundamental problems

@ Topological solitons: symmetry breakings in the early universe (new physics, baryon asymmetry)

® Non-Topological solitons: as DM candidates (ultralight DM, macroscopic DM)

v" Both are important sources of GWs (not so many from particle physics)

v" GWs provide independent probings (very high energies, purely gravitational interactions)
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@ 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 e 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 (needs degenerate vacuum states) Trivial vacuum state
Conserved Charge, and Balancing
Stabilized Topology (boundary field values) ® quantum pressure
by e gravity (or not, Q-balls etc)

e self-interactions (or not)



@® 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
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Can we detect the (cosmic) topological solitons? gl

Topology of cosmic domains and strings
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loop distribution

/> Long strings interconnect to form loops

» Loops oscillate and radiate GWs (and shrink)

\> Scaling loop distributions reached in RD and MD/
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Symmetry breakings at scales higher than  (1011) GeV
with Cosmic String production are excluded
Caveat (loop distribution model)

Model C-1
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Macroscopic Bose-Einstein condensate made of ultralight particles (DM)
Lee,Pang, Phys.Rept (1992)
Liebling, Palenzuela, Living Rev.Rel [1202.5809]
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® Macroscopic Bose-Einstein condensate of ultralight particles

@® Boson stars can be very massive and compact

Mgs (Mg)
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® Difficult to distinguish Masses |n the Stellar Graveyard

irgo-KAG

@® Mass as discriminator

(SBH cannot be subsolar)

week ending
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Rising interest in subsolar ECO searches

Secondary Mass (M)

@® One detection would point to new physics

® Boson stars differ from PBHSs: tidal disruption
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® Amplitude and SNR increase as the chirp mass increases

Same Chirp Mass Binaries
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e O SMBH: 4 108 solar mass
pas = g BH/NS/WD: O(1-10) solar mass

extreme mass ratio inspiral (EMRI)

important target for LISA, Talji, Tiangin...
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® LIGO can detect non-standard EMRIs that we call mini-EMRIs
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Similar systems:
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® Matched-filtering, or techniques of continuous wave searches

® LIGO can detect mini-EMRIs!
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Solitons in QFT are important GW sources
v New limits on cosmic strings (topological soliton) with LIGO’s new data

v/ New detection method for sub-solar exotic compact objects (non-topological solitons)
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