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Sub-MeV Hidden Sectors

@ sub-MeV hidden sectors contribute to the
effective number of neutrino species Ng
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= sub-MeV hidden sector must be colder than SM
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Sub-MeV Hidden Sectors

95% CL  SM: 3.046

@ sub-MeV hidden sectors contribute to the

effective number of neutrino species Ng QBSEI)\]*O'“ —
PR P RIS I ettt Sl
praa = 35 2907 = |1+ 3 <11) o L P
—0.33
e at T < MeV: CMB+H,
additi:nal rel. DOFs in thermal 3.27405 0 . F-._‘
equilibrium with photons are excluded Planck = 1807.06209. 9 5 3.0 3.5
Nef'f

= sub-MeV hidden sector must be colder than SM

—> impact on phase transition / GW spectrum ?
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Completely Decoupled Hidden Sector
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Cosmological Phase Transitions

finite-T" corrections restore symmetry
—> symmetry breaking phase transition
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Cosmological Phase Transitions

finite-T" corrections restore symmetry
—> symmetry breaking phase transition

V \Y

(¢)=0 1st-order phase transition:

minima separated by
potential barrier

= transition via bubble
nucleation

Eric Madge Constraining Secluded Hidden Sectors with GW (1811.11175) 5/12



Gravitational Wave Spectrum
3 contributions:

Qaw(f) = L IY _ o (1)

collision of bubble walls —I
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Gravitational Wave Spectrum
3 contributions: sound waves in the plasma

Qaw(f) = ~ 2N _ () 4 Qu(f)
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Gravitational Wave Spectrum

3 contributions: sound waves in the plasma
1 dpew
QO S o O (f) + Qe
aw(f) o dlog [ o(f) + Quw(f) + Ttub(f)
collision of bubble walls turbulence, vortical fluid motion
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Phase Transition Parameters
1-st order phase transition characterized by 3 parameters:

strength:
latent heat
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Phase Transition Parameters
1-st order phase transition characterized by 3 parameters:

strength: scale:
latent heat 15}
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Phase Transition Parameters
1-st order phase transition characterized by 3 parameters:

strength: scale: temperature:
latent heat 15}
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Phase Transitions in Secluded Hidden Sectors
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Phase Transitions in Secluded Hidden Sectors
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Sensitivity
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Hidden Sector Benchmark Models
Singlet Scalars: Dark Photon:

e 2 real scalars S and A e complex SM singlet scalar
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Sensitivity
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Sensitivity
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Sensitivity
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Conclusion

@ sub-MeV hidden sector strongly constrained by Neg
= requires colder hidden sector: T, < T,

@ GW power spectrum from hidden sector PT suppressed if
gh_Th <1 CYN&%, fpeak Sh

@ PTs in sub-MeV hidden sectors can be detectable by SKA and still
consistent with cosmology
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@ sub-MeV hidden sector strongly constrained by Neg
= requires colder hidden sector: T, < T,

@ GW power spectrum from hidden sector PT suppressed if
gh_Th <1 CYN&%, fpeak Sh

@ PTs in sub-MeV hidden sectors can be detectable by SKA and still
consistent with cosmology

Thank you for your attention!
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