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Phase transition at
temperature 1.

Non-trivial interplay:

Multi-step phase transitions
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« Compact objects

false vacuum

catalyzing object

true vacuum py

« Topological defects

O(3) Hom. bubble

O(2) Seeded bubble

Domain wall

Two-step electroweak phase
transition in the xSM!

SB, Mariotti [2203.16450], PRL

Agrawal, SB, Mariotti, Nee, to appear.



Impurities In the early Universe

2 4 3
E(R) ~ 47R? o, — S7Re —

Gain by eating up
domain wall surface



Impurities In the early Universe

2 4 3
E(R) ~ 47R? o, — gﬂR € —

Gain by eating up
domain wall surface



Implications for gravitational waves
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Summary

* Formation of defects during multi-step phase transitions can dramatically affect the
dynamics of bubble nucleation by providing new channels for vacuum decay.

* We have presented a minimal working example for a seeded electroweak phase

transition in the xSM due to the presence of Z2 domain walls. As a result, the parameter
space leading to successful nucleation is enlarged.

* Implications of seeded phase transitions in terms of gravitational waves (and possibly
other relics) still largely unexplored.

* Different extensions of the SM may involve other types of defects such as strings or
monopoles, with possibly different phenomenology.

Thank youl!



