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Why gravitational wave for dark sectors?

Era of gravitational wave astrophysics

New venue for indirect probes to dark sectors

Cardoso et all ‘18
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Figure 1. Current experimental limits on ALPs (left) and ULVs (right) in their corresponding mass-
coupling plane (adapted from [12] and [13], respectively; courtesy of J. Redondo). The red dashed
areas denote the regions that can be probed through the superradiant instability of astrophysical
BHs [14-19] (cf. [20] for an overview), as discussed in this paper. These constraints do not require a
direct coupling between dark matter and ordinary particles, and are complementary to other bounds.
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Figure 12. Depiction of a BBH evolving in a possible interstellar or DM environment.
Each individual BH accretes and exherts a gravitational pull on the surrounding
matter. Both effects contribute to decelerate the BHs, leading to a faster inspiral.

Credit: Ana Sousa.
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Why gravitational wave for dark sectors?

Rich sources of gravitational waves from dark sectors

Primordial black holes (PBH)

Green, Kavanagh, ‘20
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Why gravitational wave for dark sectors?

Rich sources of gravitational waves from dark sectors

Primordial black holes (PBH)

Green, Kavanagh, ‘20
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Rich sources of gravitational waves from dark sectors

Primordial black holes (PBH)

Green, Kavanagh, ‘20
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Rich sources of gravitational waves from dark sectors

Phase Transitions

Metastable
Vacuum

A first order phase transition proceeds through bubble nucleation. The bubbles push through the hot plasma and
collide, producing stochastic gravitational wave backgrounds via Trud \/

Vacuum

T

Bubble collisions Sound waves Turbulent

Parameters aftecting the power spectrum:

B d(Ss/T)
a1l T

* (inverse) duration of the phase transition
T=T.,

* fraction of vacuum energy released w.r.t. the radiation bath

O =

* The bubble wall velocity

10”7),’U~J B p’U,’UJ |
Prad

T=T.,

For example, the power spectrum from bubble collisions can be treated by the ‘envelope approximation’

N2 7 ka \2/100\% / 0.110°
2 . —5 * w
h2Qeny (f) = 1.67 x 10 <5> (H&) (g*> (0.42+U%U>Senv(f)
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Today - 14 billion years

Why gravitational wave for dark sectors? e

Galaxy formation era\ y
Earliest visible galaxie ’ 700 mill.ion years

Rich sources of gravitational waves from dark sectors | GOMISRS 6
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Phase Transition and dark sectors
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Why gravitational wave for dark sectors?

Rich sources of gravitational waves from dark sectors

Phase Transition and dark sectors

- Many possibilities for a dark sector through Higgs or gauge portals;

» Playground for model building: rich DM and GW phenomenology

Supercooling phase transition, symmetry non-restoration, inverse phase transitions
- Strong and complementary connection to collider searches;

- Theoretical development: perturbativity control, bubble wall dynamics, ....
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Why gravitational wave for dark sectors?

Rich sources of gravitational waves from dark sectors

Gorghetto, Hardy, Nicolaescu, 21’
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And many other possible sources:

Exotic stars, captured DM, non-perturbative effects...
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Gravitational wave experiments are detectors with extreme sensitivities.
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Why gravitational WaVMOl‘ dark sectors?
experiments

Gravitational wave experiments are detectors with extreme sensitivities.
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experiments

Gravitational wave experiments are detectors with extreme sensitivities.
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e 1/ - experiments
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experiments

Accelerometers of ultra high sensitivity.
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L.aser interferometer as Dark Matter Detectors
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(red shaded region) and static Shapiro signals (blue shaded
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simulated in this work, while the red dashed line shows an
extrapolation of the constraints to higher masses.
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Laser interferometer as Dark Matter Detectors Du, Lee, YW, Zurek 23’
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Atom interferometer phase shift from linearized gravity and a weak potential

Long-baseline Atom Interferometer Gradiometer

Example: a weak potential
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Conclusion

* Qravitational wave astrophysics 1s the next venue for dark matter indirect
detection

* Rich sources for gradational wave signatures from the dark sectors

* (Qravitational wave experiments can at the same time serve as detectors with
extreme sensitivity as dark matter direct detection;

* Many opportunities, let’s keep the program rolling
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