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The importance of fundamental scalars

• Higgs: triggering electroweak symmetry breaking,  giving mass 

to W/Z bosons as well as fermions


• Inflaton: driving expansion of early universe, solving the flatness 

and horizon problems, seeding the fluctuations in CMB


• A light scalar could also play a role of dark matter(fuzzy dark 

matter) 


• A fundamental scalar may also be needed for Peccei-Quinn 

symmetry breaking or explaining the dark energy (quintessence)
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Scalar interactions with gauge fields
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Scalar interactions with gauge fields are widely considered:

• Leading to scalar-nucleus interactions
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eV�1 = 1.97⇥ 10�7m

arXiv:1408.3588 

Fifth force searches

Scalar interactions with gauge fields
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Motivating low energy 
experiments

Affecting star cooling process

Edward Hardy, Robert Lasenby, arXiv:1611.05852 
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Scalar interactions with gauge fields

• Leading the first order QCD phase transition

Robert D. Pisarski, Frank Wilczek 1984 

Seyda Ipek, Tim Tait, 

Early Cosmological Period of QCD Confinement,

arXiv:1811.00559(PRL)

ms ⇠ 100 MeV ⇤QCD ⇠ 200 MeV(u, d, s)
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Sebastian Ellis, Seyda Ipek, Graham White, 

Electroweak Baryogenesis from Temperature-Varying Couplings

arXiv:1905.11994

Djuna Croon, Jessica N. Howard, Seyda Ipek, Timothy M.P. Tait

QCD Baryogenesis, arXiv:1911.01432 
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Scalar interactions with gauge fields
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Scalar interactions with gauge fields
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M. A. Shifman, A.I. Vainshtein, V. I. Zakharov, 1979   
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Scalar interactions with gauge fields

The new potential provide a dimensionful term for the scalar field,

sourcing a new scale h�i
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Vacuum misalignment 

Before phase transition 
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After phase transition 

Vacuum misalignment
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Oscillating around the minimum 

No thermal corrections, no thermal equilibrium 
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Oscillating around the minimum 

Oscillating scalar field 

• Lifetime is short: similar to preheating, as a 
matter component and later release the 
entropy and reheat the universe

• Lifetime is long enough: dark matter candidate

(like axion dark matter)
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Minimal model for scalar dark matter
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Lifetime of the scalar field 

Scalar decaying into di-photon 
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Scalar couplings with nucleus

• Fifth force measurement 

• Star cooling process 
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Results for the minimal model

Very limited region, only mass around eV is allowed

larger parameter space with a fraction of dark matter

Fifth force
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Additional SU(N)
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Additional SU(N)

• Dark matter mass (eV- MeV)

• Limit can be weaker for smaller coupling in QCD sector

• Some fermions is needed to make two sector same temperature 
in the very early universe
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Scalar potential for symmetry breaking
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Origin of the Higgs potential
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Origin of the Higgs potential
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Summary

• If a scalar coupling to a kinetic term of a gauge field, after 
the confinement, it induces an exponential potential for the 
scalar field.

• It help us understand the origin of dark matter.

• It can also provide an origin of symmetry breaking, e.g.  
electroweak symmetry breaking
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Back up
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