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Two breakthroughs in 21st century
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additional symmetry breakings? GW astronomy & GW cosmology

GWs provide new opportunities to detect fundamental particle physics!



GWs are probes
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The early Universe is a high-energy laboratory



B GWs in the early Universe

* Primordial GWs
* Preheating GWs
* GWs from first-order phase transition

* GWs from cosmological topological defects

* Induced GWs



) Evidence for GWB

PTA experiments
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) Induced GWs

Induced GWs
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Figure 2. Bayes factors for the model comparisons between the new-physics interpretations of the signal considered in this
work and the interpretation in terms of SMBHBs alone. Blue points are for the new physics alone, and red points are for the
new physics in combination with the SMBHB signal. We also plot the error bars of all Bayes factors, which we obtain following
the bootstrapping method outlined in Section 3.2. In most cases, however, these error bars are small and not visible.
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) Induced GWs

: . 1 o
. Spacetime metric:  ds® = @’ {—(1 +20M)dr? + [(1 - 20™M)5,5 + §h@('92')] dazzdxj}

* Induced GWs: /)i,k + QHh/A’k — VQhA,k = 48)\’1{ h(2) ~ Qﬁ(l)qb(l)

d3 4 / /
Sxk = / (27)3/2 qzyq ¢’ {2¢k—q¢q + 3(1 + w)H? Mk—q + H¢k—Q] [¢q + /H%}}

- Energy-density fraction spectrum:

Qg (k) = / du/|1+U| [ —(1+07 _UQ)T x I2(u, v, k, 7) Pc(uk)Pe (vk)

a2 H? Auw

classical evolution primordial curvature
after inflation perturbations
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) Silk damping

Cosmic fluid

perturbation scale k! << diffusion scale k'

Diffusion erases perturbations !



B Silk damping in the CMB

Photon-baryon plasma

CMB anisotropy power spectrum
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Diffusion erases perturbations ! Nature 215 (1967) 5106: J. Silk
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B Silk damping scale
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B Silk damping scale
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B Silk damping scale
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B Silk damping scale
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B Silk damping scale
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Silk damping in induced GWs

notable only for k ~ Ky, (t4..)
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' Results SCPMA 68 (2025) 210412: YHY and S. Wang
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' Observation SCPMA 68 (2025) 210412: YHY and S. Wang
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' Observation (Wlthln the SM) SCPMA 68 (2025) 210412: YHY and S. Wang
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' Observation (bey0nd the SM) SCPMA 68 (2025) 210412: YHY and S. Wang
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. Future detection SCPMA 68 (2025) 210412: YHY and S. Wang
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Future detection SCPMA 68 (2025) 210412: YHY and S. Wang
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Conclusion

Particle interaction

STANDARD MODEL OF ELEMENTARY PARTICLES
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Dissipation in cosmic fluid
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) Conclusion

Silk damping is an essential yet unexplored effect for GW observations.

Silk damping notably suppresses the spectrum of induced GWs at the frequencies related to

the decoupling of weakly-interacting particles.

Within the SM, Silk damping caused by neutrinos will help to determine the origin of the
GWB reported by PTA.

Beyond the SM, Silk damping in induced GWs opens a new road to detect new physics,

especially for those at extremely high energy scales.
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