
Proyecto PID2022-139841NB-I00 financiado por:

JavierRubio Javier Rubio

Javier Rubio
Universidad Complutense de Madrid & IPARCOS

Gravity-Induced Phase Transitions 
in the Standard Model and Beyond



Lp
�g

=
M2

P

2
R� 1

2
(@�)2 � f(R,Rµ⌫)�

2 � V (�)

• 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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The SM Higgs tracker

Sensitive to cosmological history
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A simple scenario
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• A single field � for both inflation and dark energy (quintessential inflation)

• An unavoidable non-minimal coupling of the Higgs field H to gravity

• No additional degrees of freedom beyond the electroweak scale
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Interesting outputs
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• The Higgs field is safely stabilized during inflation (no isocurvature pert.)

• Appealing connection between SM parameters and (post-)inflationary era

• The Higgs field itself can be responsible for heating the Universe

Based on G. Laverda, JR, JCAP 03 (2024) 033 & JHEP 05 (2024) 339
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Heating
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For a review see e.g. D. Bettoni, JR, Galaxies 10 (2022) 1, 22
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Quintessential inflation

Only key ingredient:

Period of kination
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Energetically subdominant / Spectator field
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Negligible contribution to the e↵ective Planck mass, ⇠h2 ⌧ M2
P

Tachyonic
production

No isocurvature
perturbations

Hubble-induced transition
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mh = 125.5GeV

Standard Model running
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Higgs e↵ective potential during kination
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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

e↵

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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Scanning of parameter space
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)

• Three-loop renormalisation-group running of the Higgs self-coupling

• Agnostic approach to top quark mass values, mt = 170� 173 GeV

• Wide range for non-minimal coupling parameter ⇠ ⇠ 1� 700

• Wide range for the onset scale of kination Hkin ⇠ 106 � 1015 GeV

• O(1000) 3+1-dimensional classical lattice simulations.

• Checking for existence and crossing of the barrier

1015
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Heating the Universe before BBN
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Hkin = 1010 GeV
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Explosive tachyonic Higgs production allows to heat the Universe.

Additional restrictions on parameter space

Based on G. Laverda, JR, JCAP 03 (2024) 033 & JHEP 05 (2024) 339Based on G. Laverda, JR, JCAP 03 (2024) 033 & JHEP 05 (2024) 339
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Lower bound on the inflationary scale
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Favours lower masses for the top quark
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D. Bettoni, G. Domènech, J. Rubio, JCAP 02 (2019) 034
D. Bettoni, A López-Eiguren, G. Laverda, JR, JCAP 03 (2025) 027

Gradients are large!



Integrated GW energy density (amplitude)

⌦GW,0(Hkin, ⌫,mt) = 1.67⇥ 10�5h�2
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GW spectra
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Beyond kination: Gravitational EFT

Higher-order operators may become relevant during radiation domination
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Conclusions
• Time-dependent spacetime curvature can trigger phase transitions via

Hubble-induced instabilities.

• Specific cosmological transitions (e.g. inflation ! kination) naturally

destabilize the Higgs and other spectator fields.

• This mechanism enables e�cient reheating before BBN without requiring

direct couplings to new sectors.

• It predicts distinctive high-frequency gravitational-wave signatures.

• The same framework allows highly e�cient, purely gravitational produc-

tion of dark matter.



Backup  
slides



• 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.

D. Bettoni, JR, JCAP 01 (2020) 002
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Lattice-based fitting formulas: O(100) 3+1 classical lattice simulations
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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
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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”
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By-product
First lattice characterisation

of Ricci reheating
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Beyond the Standard Model
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Favours lower masses for the top quark
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An open question
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