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Hubble-induced phase transitions

as a quintessential inflation reheating mechanism
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• Natural triggering mechanism for phase transitions

• Non-thermal & non-perturbative

• Short-lived topological defects

• Specific gravitational waves signatures

The general paradigm
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A worked-out example
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Interesting outputs

• No isocurvature perturbations even if � is light

• Highly e�cient heating mechanism

• Onset of radiation domination rather independent of V (�)

<latexit sha1_base64="LpSMs6PLfDEIvWSt6LLNLChP2YI="></latexit>

• A single scalar field � for both inflation and dark energy

• A non-minimal coupling of an spectator field � to gravity
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Quintessential inflation

Only key ingredient:

Period of kination
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Quintessential inflation

Only key ingredient:
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Spinodal/Tachyonic instability

• The Z2 symmetry of the action is preserved by the dynamics.

• The field is not classical but rather quantum.

• A homogeneous component description is completely inaccurate.
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Linear dynamics

D. Bettoni, JR, JCAP 01 (2020) 002



Classicalization

• Following dynamics needs non-analytical techniques.

• High occupation numbers ! Classical Lattice Simulations

f 00
 + (2 �M2(z))f = 0

D. Bettoni, JR, JCAP 01 (2020) 002



Beating Domain Walls

WATCH NOW 
AND RELAX

<latexit sha1_base64="ANTNwMz34tUu24edb372kQCF770="></latexit>

D.Bettoni, A. Lopez-Eiguren, JR, JCAP 01 (2022) 01, 002



<latexit sha1_base64="E3DdRRtOiZPZzp0WZ+yE/1GJ5R4="></latexit>

Based on G. Laverda, JR, JCAP 03 (2024) 033 & G. Laverda, JR, 2402.06000

<latexit sha1_base64="l9oS8RdN9aGRaNrGZM74zhz/3jE=">AAAB/nicbVDLTgIxFO34RHyNumTTCCauyAwLdEl04xKNPBKYkE65QEPbmbQdE5yQ6M/oyqg7P8If8G8sOAsFz+rce85Ne04Yc6aN5305K6tr6xubua389s7u3r57cNjUUaIoNGjEI9UOiQbOJDQMMxzasQIiQg6tcHw501t3oDSL5K2ZxBAIMpRswCgxdtVzCzegKeHQxzSSg0gJwrFhAnDpvtRzi17ZmwMvEz8jRZSh3nM/u/2IJgKkoZxo3fG92AQpUYZRDtN8N9EQEzomQ+hYKokAHaTzEFN8Yl/HZgR4Pv/2pkRoPRGh9QhiRnpRmy3/0zqJGZwHKZNxYkBSa7HaILEBIzzrAveZAmr4xBJCFbO/xHREFKHGNpa38f3FsMukWSn71XL1ulKsXWRF5FABHaNT5KMzVENXqI4aiKJH9Ize0Lvz4Dw5L87rj3XFyW6O0B84H99mtZUM</latexit>

Rescaled conformal time z
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Energy distribution
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Radiation-like products for arbitrary potential
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Gradients are crucial
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Onset of radiation domination

V / ��4
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Lattice-based fitting formulas: O(100) 3+1 classical lattice simulations
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• Turbulent

• Far from thermal

Heating “temperature”

Tht ' 2.7⇥ 108 GeV
⇣
1 +

zrad

⌫

⌘�3/4
 
⇢
�
rad/⇢

�
rad

10�8

!3/4✓
Hkin

1011 GeV

◆1/2

<latexit sha1_base64="ANTNwMz34tUu24edb372kQCF770="></latexit>

D.Bettoni, A. Lopez-Eiguren, JR, JCAP 01 (2022) 01, 002

By-product
First lattice characterisation

of Ricci reheating
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Gravitational waves’ production
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Frecuencies typically out of range of current experiments
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Further applications & generalizations
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• Coupling to other species can lead to stabilization of defects
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• Easily generalizable to other symmetry groups, defects and
first order phase transitions
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• Possible extensions to radiation/matter domination in an EFT framework

• The SM Higgs can be responsible for heating the Universe
See G. Laverda’s
talk on Tuesday
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Conclusions

• Non-minimal couplings to gravity may lead to the spontaneous symmetry
breaking of internal symmetries.

• These interactions act as a natural cosmic clock, triggering the formation
of short-topological defects and a potentially detectable gravitational wave
backgrounds

• The eventual fragmentation of these objects allows heating the Universe
after inflation.

• Easily generalizable to other groups and topological defects.


