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Stochastic GW Background

* New experiments & data analysis
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“* Possible sources
= Supermassive black hole binaries, cosmic phase transition,
topological defects, scalar-induced (secondary) GW...

= New possibilities? 3



Macroscopic DM
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“* Macroscopic dark matters are interesting candidates born from

field theory
“* New interactions within the dark sector can change the merger

evolution, and hence the SGWB
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MDM from Phase Transitions

PHYSICAL REVIEW D VOLUME 30, NUMBER 2 15 JULY 1984

Cosmic separation of phases

Edward Witten*
Institute for Advanced Study, Princeton, New Jersey 08540
(Received 9 April 1984)

A first-order QCD phase transition that occurred reversibly in the early universe would lead to a
surprisingly rich cosmological scenario. Although observable consequences would not necessarily
survive, it is at least conceivable that the phase transition would concentrate most of the quark ex-
cess in dense, invisible quark nuggets, providing an explanation for the dark matter in terms of
QCD effects only. This possibility is viable only if quark matter has energy per baryon less than 938
MeV. Two related issues are considered in appendices: the possibility that neutron stars generate a
quark-matter component of cosmic rays, and the possibility that the QCD phase transition may
have produced a detectable gravitational signal.



MDM from Phase Transitions

PHYSICAL REVIEW D VOLUME 30, NUMBER 2 15 JULY 1984

Cosmic separation of phases

Edward Witten*
Institute for Advanced Study, Princeton, New Jersey 08540
(Received 9 April 1984)
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Q: quarks H: hadrons QN: quark nuggets

“* relevant degrees of freedom: mass and density
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MDM Being More Attractive

*+ Orbital motion of the binary with a dark interaction

= Centripetal force, “opposite charge”
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“* Dark force changes the energy emission
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Energy Spectrum from the Binary

“ Energy and angular momentum emission

= Energy emission through GW portal
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= The binary is on an elliptical orbit
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Energy Spectrum from the Binary

<+ For DF domination

= Energy emission through the dark force portal
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= Orbit evolution and merger lifetime (DF dominates)
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Energy Spectrum from the Binary

“ The GW energy spectrum of the binary

= GW frequency is related to orbital frequency: fow s = w/m

dEgw _ Eaw 7 Eaw _ T Egaw
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E = EGW + EDF

= For convenience we assume same mass, opposite charge

dE my/a (37e* 4 2922 + 96) G3/2 ML

dfaw,s  3v2(10a(1 —e2)(2+e2)(8 — 1) + (37et + 292e2 + 96) G’ Myp;)

10



Energy Spectrum from the Binary

“ The GW energy spectrum of the binary
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