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From inflation to the hot Big Bang

Adapted from G. Domenech

• Inflation leaves the Universe cold and empty

• The inflaton energy must be converted into SM particles
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For a review see e.g. D. Bettoni, JR, Galaxies 10 (2022) 1, 22For a review see B. Barman, N. Bernal, JR, Nucl.Phys.B 1018 (2025) 116996

• Parametric resonance

• Highly e�cient

• Gravitational particle production

• Highly ine�cient
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Field value �
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• High heating temperature • No SM heating before BBN

• No depletion required

Oscillatory vs. Non-oscillatory

*

* Instant preheating not suitable with usual Higgs-portal couplings.

See C. Wetterich and JR, Phys.Rev.D 96 (2017) 6, 063509

• Full depletion required
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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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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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See also Ethan Milligan’s talk
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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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Stability constraints on the top mass

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

⌫ =

r
3⇠

2

(Pole mass in dilepton tt̄ + 1 jet events)

• Cosmology becomes a precision probe of Standard Model parameters

• Vacuum survival tends to prefer the low top-masses
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Heating the Universe before BBN
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Explosive tachyonic Higgs production allows to heat the Universe.

Additional restrictions on parameter space
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Based on G. Laverda, JR, JCAP 03 (2024) 033 & G. Laverda, JR, 2402.06000
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D.Bettoni, A. Lopez-Eiguren, JR, JCAP 01 (2022) 01, 002
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Heating the Universe before BBN

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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• Reheating and vacuum stability pull in opposite directions.

• Heating requires strong instabilities, vacuum survival requires control.
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Gradients are large!



Integrated GW energy density (amplitude)

⌦GW,0(Hkin, ⌫,mt) = 1.67⇥ 10�5h�2
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GW spectra

Higgs-Induced

Primordial
(kin-enhanced)
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Beyond kination: Gravitational EFT

Higher-order operators may become relevant during radiation domination

G. Laverda, T. Mendes, JR, JCAP 05 (2026) 053
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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.

• It predicts distinctive high-frequency GW signatures
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Hitting the right DM abundance
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• 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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Tachyonic particle production
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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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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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Vacuum stability during kination

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

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

<latexit sha1_base64="nyhJ03RoQ3RQiu5guV8Y4Sylzc0=">AAAB53icbZDNSgMxFIXv1L9a/6ou3QSL4KrMiFQ3QtGNywr2B9qhZNI7bWwmMyQZoQx9Bl2JuvN9fAHfxrTOQlvP6ss9J3DPDRLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWN5byYJ+hEdSh5yRo0dtXoyvfLcfrniVt25yDJ4OVQgV6Nf/uwNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/m287JSdhrIgZIZm/f2czGmk9iQKbiagZ6UVvNvzP66YmvPQzLpPUoGQ2Yr0wFcTEZFaaDLhCZsTEAmWK2y0JG1FFmbGnKdn63mLZZWidVb1atXZ3Xqlf54cowhEcwyl4cAF1uIUGNIHBAzzDG7w73HlyXpzXn2jByf8cwh85H9+xpowz</latexit>

⌫ = 10
<latexit sha1_base64="w4G9JI1lIFmlA74Gve68HdnRkz0=">AAAB93icbZDLSsNAFIYnXmu9xcvOzWARXEhIVFo3QtGFLivYCzSlTKan7dCZJMxMhBj6LLoSded7+AK+jdOahbb+q2/O/w+c8wcxZ0q77pe1sLi0vLJaWCuub2xubds7uw0VJZJCnUY8kq2AKOAshLpmmkMrlkBEwKEZjK4nfvMBpGJReK/TGDqCDELWZ5RoM+ra+6KrL72K55z5J5kvBb6Bxrhrl1zHnQrPg5dDCeWqde1PvxfRRECoKSdKtT031p2MSM0oh3HRTxTEhI7IANoGQyJAdbLp9mN81I8k1kPA0/fvbEaEUqkITEYQPVSz3mT4n9dOdP+ik7EwTjSE1ESM10841hGelIB7TALVPDVAqGRmS0yHRBKqTVVFc743e+w8NE4dr+yU785L1au8iAI6QIfoGHmogqroFtVQHVH0iJ7RG3q3UuvJerFef6ILVv5nD/2R9fENDP6RZw==</latexit>

mt = 171.3GeV

Number of e-folds



GW frequency

fGW,0(⌫,mt) ' 1.3⇥ 10
9
Hz



2⇡

✓
Hkin arad
1010 GeV

◆1/2 ✓
⇥

h
ht

10�8

◆�1/4

Hkin = 1011.5 GeV

⌫ =

r
3⇠

2
⌫ =

r
3⇠

2



Beyond the Standard Model
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