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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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The SM Higgs tracker

Sensitive to cosmological history



<latexit sha1_base64="KpEu+SDgbBrfb88FYLgRtwekB1E=">AAACAHicbVDLTsMwEHTKq5RXgCNCsqiQOFVJD4VjgQvHItGH1EaV425bq7YT2Q5SFfUCPwMnBNz4Bn6Av8EpOUDLnGZ3ZqWdCWPOtPG8L6ewsrq2vlHcLG1t7+zuufsHLR0likKTRjxSnZBo4ExC0zDDoRMrICLk0A4n15nevgelWSTvzDSGQJCRZENGibGrvnvcS+QAVHaeXmLNRMwBawqSKBbN+m7Zq3hz4GXi56SMcjT67mdvENFEgDSUE627vhebICXKMMphVuolGmJCJ2QEXUslEaCDdB5jhk+HkcJmDHg+//amRGg9FaH1CGLGelHLlv9p3cQML4KUyTgxIKm1WG2YcGwinLWBB0wBNXxqCaGK2S8xHRNFqLGdlWx8fzHsMmlVK36tUrutlutXeRFFdIRO0Bny0TmqoxvUQE1E0SN6Rm/o3XlwnpwX5/XHWnDym0P0B87HN27CluQ=</latexit>

A simple scenario
<latexit sha1_base64="zZk+I4QNvq3oKVG1W48ksfOCERw="></latexit>

• 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

<latexit sha1_base64="Lb6dKhWujxeaEciRBEi4hQeYCLA=">AAACAnicbVDLTgJBEJzFF+Jr1aMHJxITT2SXA3oketEbJvJIYENmhwYmzM5uZnpNyIab/oyejHrzE/wB/8YBOShYp+qu6qSrwkQKg5735eRWVtfWN/Kbha3tnd09d/+gYeJUc6jzWMa6FTIDUiioo0AJrUQDi0IJzXB0NdWb96CNiNUdjhMIIjZQoi84Q7vqusedVPVAT8+zG4WgwaBQAxqnmKRoJl236JW8Gegy8eekSOaodd3PTi/maQQKuWTGtH0vwSBjGgWXMCl0UgMJ4yM2gLalikVggmwWZEJP+7GmOAQ6m397MxYZM45C64kYDs2iNl3+p7VT7F8EmVA2DShuLVbrp5JiTKd90J7QwFGOLWFcC/sl5UOmGbddmIKN7y+GXSaNcsmvlCq35WL1cl5EnhyRE3JGfHJOquSa1EidcPJInskbeXcenCfnxXn9seac+c0h+QPn4xv/hphp</latexit>

Interesting outputs

<latexit sha1_base64="G5hUcRtJ6jHjkfBkXPxyO2v78l4="></latexit>

• 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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Field value �
<latexit sha1_base64="U+epa4QAJJ6NyZKKiFKTkWMwHhE="></latexit>

For a review see e.g. D. Bettoni, JR, Galaxies 10 (2022) 1, 22

Heating

<latexit sha1_base64="///Ues8OhSs95znvTbq5tPM0KGg=">AAACB3icbVC7TsMwFHXKq5RXgJHFoiAxVUmHwljBwthK9CG1UeW4N61Vx4lsB6mK+gHwMzAhYGPnB/gbnJABWs50fM+5Vz7HjzlT2nG+rNLa+sbmVnm7srO7t39gHx51VZRICh0a8Uj2faKAMwEdzTSHfiyBhD6Hnj+7yfTePUjFInGn5zF4IZkIFjBKtBmN7LNhIsYgs/W0nTChQSkQmhGOmQh47lqM7KpTc3LgVeIWpIoKtEb253Ac0SQ0lygnSg1cJ9ZeSqRmlMOiMkwUxITOyAQGhgoSgvLSPM0CnweRxHoKOH//9qYkVGoe+sYTEj1Vy1o2/E8bJDq48lIm4kSDoMZitCDhWEc4KwWPmQSq+dwQQiUzv8R0SiSh2lRXMfHd5bCrpFuvuY1ao12vNq+LIsroBJ2iC+SiS9REt6iFOoiiR/SM3tC79WA9WS/W64+1ZBU7x+gPrI9v3g6aiA==</latexit>

Quintessential inflation

Only key ingredient:

Period of kination
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Kination hBB a
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Heating

<latexit sha1_base64="U+epa4QAJJ6NyZKKiFKTkWMwHhE="></latexit>

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
<latexit sha1_base64="EkX0F5Kb4535FRdvqFKveOOYwyw="></latexit>

Negligible contribution to the e↵ective Planck mass, ⇠h2 ⌧ M2
P

Tachyonic
production

No isocurvature
perturbations

Hubble-induced transition



• 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

<latexit sha1_base64="+huFtm438ZZo2Ycx+nT+DHLILI8=">AAACDHicbVC7TsMwFHXKq5RXgZHFokKCpUo6FMYKFsYi9SW1UeU4t61Vx45sB6mK+gvwMzAhYGPiB/gbnJIBWs50fM+5Vz4niDnTxnW/nMLa+sbmVnG7tLO7t39QPjzqaJkoCm0quVS9gGjgTEDbMMOhFysgUcChG0xvMr17D0ozKVpmFoMfkbFgI0aJsaNh+WKQiBBUtp62CJ3MpGAUx0QZRjngWMkwoZl1PixX3Kq7AF4lXk4qKEdzWP4chJImEQhDOdG677mx8dP89Lw0SDTEhE7JGPqWChKB9tNFpDk+G0mFzQTw4v3bm5JI61kUWE9EzEQva9nwP62fmNGVnzIRJwYEtRarjRKOjcRZMzhkCqjhM0sIVcz+EtMJUYQa21/JxveWw66STq3q1av1u1qlcZ0XUUQn6BSdIw9doga6RU3URhQ9omf0ht6dB+fJeXFef6wFJ985Rn/gfHwDe9mceg==</latexit>

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↵
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Radiation-like products for arbitrary potential

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

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

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

Based on G. Laverda, JR, JCAP 03 (2024) 033 & G. Laverda, JR, 2402.06000
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<latexit sha1_base64="FcSk/6/0ViWGVWzOd4VFWx4C+tQ=">AAACAXicbVDLSgNBEJyNrxhfUY+CDAbBg4Td4OsiBD3oUcFEIbuE2bGTDJnZXWZ6xbDkpD+jJ1Fv/oI/4N84iXvwVafqrmroqjCRwqDrfjiFicmp6ZnibGlufmFxqby80jRxqjk0eCxjfRUyA1JE0ECBEq4SDUyFEi7D/vFIv7wBbUQcXeAggUCxbiQ6gjO0q3Z5XbUzXyvaGx56td3qLvW3fYRb1Co7geawXa64VXcM+pd4OamQHGft8rt/HfNUQYRcMmNanptgkDGNgksYlvzUQMJ4n3WhZWnEFJggG+cY0s1OrCn2gI7n796MKWMGKrQexbBnfmuj5X9aK8XOQZCJKEkRIm4tVuukkmJMR3XQa6GBoxxYwrgW9kvKe0wzjra0ko3v/Q77lzRrVW+vune+U6kf5UUUyRrZIFvEI/ukTk7JGWkQTu7JI3khr86d8+A8Oc9f1oKT36ySH3DePgHkxpXY</latexit>

mh = 125.5GeV

Standard Model running
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Higgs e↵ective potential during kination
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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
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mt = 171.3GeV

Number of e-folds
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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
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Favours lower masses for the top quark
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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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Gradients are large!



Integrated GW energy density (amplitude)
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GW frequency
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GW spectra
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Beyond the Standard Model
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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. See Tomás Mendes’ talk


