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Black holes with electroweak hair

When the bosonic sector of the electroweak theory
is minimally coupled to General Relativity, magnetic
Reissner-Nordstréom black holes become unstable
below a critical horizon size. This instability is caused
by electroweak condensation - a phenomenon first
Universidade de Aveiro identified in flat space in the late 1980s, occurring
when extremely strong magnetic fields destabilize
the usual Higgs vacuum. Around a magnetic black
hole, this process breaks the original spherical
symmetry of the configuration and produces an
"electroweak hair" made of massive W, Z and Higgs
fields. We investigate these hairy black holes at the

More about Gr@ v fully nonlinear level, restricting our analysis to the
axially symmetric case. We find that the hair features
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that generate a magnetic field with a quadrupolar
structure. In the extremal limit, the electroweak
gauge symmetry is restored near the horizon.
Remarkably, the extremal hairy black holes can reach
macroscopic sizes, with horizon radii on the order of
a centimeter. Our solutions provide the first example
of hairy black holes arising purely within the
framework of the Standard Model - with its physical
parameter values - and General Relativity.

The Gr@v Seminars are supported in part by the FCT - Portuguese
Foundation for Science and Technology, through projects
2022.04560.PTDC and 2024.05617.CERN and through CIDMA - Fundagao
Center for Research and Development in Mathematics and paraTa Ciin;%a
Applications, under the Portuguese Foundation for Science and I ¢ a lecnologla
Technology (FCT, https://ror.org/00snfqn58) Multi-Annual Financing MARIE CURIE ACTIONS
Program for R&D Units, grants UID/4106/2025 and

UID/PRR/4106/2025 (https:/doi.org/10.54499/UID/04106/2025).


http://gravitation.web.ua.pt/
https://doi.org/10.54499/UID/04106/2025
mailto:jnicoules@ua.pt

	Slide 1

