Quantum (and classical)
detection of gravitational
waves: scope and limitations
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Question and conclusions

Q: Will we ever be able to detect primordial-background gravitational-wave signals at very high
frequencies?
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Question and conclusions

Q: Will we ever be able to detect primordial-background gravitational-wave signals at very high
frequencies?

A: Probably not. A shift in technology could be required.

Preceding work: Classical and quantum heuristics for gravitational-wave detection [S.A.R. Ellis, R.T. D’Agnolo,
arXiv:2412.17897]

I—> Bound on signal strength for detection of GWs coming from primordial backgrounds [M. Maggiore, Physics Reports
331 (2000), 283-367]

] dlogw h2gQ(w) <5 x 10 °ANeg “BBN bound”
Can we analytically confirm this statement?
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Two toy models to describe (almost) any detector
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EM resonators Mechanical resonators

* Transition mode
0 (loaded) — 1 (readout)
* Readout: wi; = wp = wy

* Large static magnetic
field
* Readout: w; =~ w,

* Like test masses. Their position is measured through an
EM readout

Interferometers (LVK, Holometer), Optomechanical sensors
(levitating sphere [A. Arvanitaki, A. A. Gercai, Phys. Rev. Lett. 110
(2013) 071105]), Magnetic Weber bars (AURIGA [M. Cerdonio et
al., Classical and Quantum Gravity 14 (1997) 1491])

+ MADMAX

[arXiv:2409.06462], CAST cavities [Physical Review D 105
arXiv: : ,

v 116011 (2022)], Lumped LC
[arXiv:1705.02290], IAXO resonators [Phys. Rev. Lett. 129
[Eur. Phys. . €79 (2019) (2022) 041101], MAGO [Phys.
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Signal vs. Noise: a never-ending duel

« Power Spectral Density:  (A(t)B'(¥)) = /

 Out PSD: sy%y.
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* Minimal detectable signal
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B dw Spp(w)? 2 N
SNR = (tmt/ 27 S (@) ~ 1
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A selection of existing and proposed detectors
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Metastable Cosmic String

GW Energy Density: Qq(f,)
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10 D’Agnolo,
GW Frequency: f, [Hz| arXiv:2412.17897]
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Extreme concepts: Quantum Resources

GW Energy Density: (f,)
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Thank you!
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Set-up
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