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Bandwidth vs
Sensitivity

* Energetic Quantum Limit (EQL)

* We want to increase the
bandwidth without sacrificing
the sensitivity

* Overcoming the trade-off:
Higher sensitivity in the entire
frequency range
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Setup of the
System

e Arm cavity - d (optical mode)
* Filter cavity - b (optical mode)

* Mechanical mode - ¢ (attached
to filter cavity)

Li, Xiang, et al. "Broadband sensitivity improvement via coherent quantum feedback with PT symmetry." arXiv preprint arXiv:2012.00836 (2020), p2.
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PT-symmetric
Interferometer

* White Light Cavity can improve
the sensitivity while sacrificing
less of the bandwidth
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Negative Mass

e Optical mode - d
e V. =—hayéid, —hwydid
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Li, Xiang, et al. "Broadband sensitivity improvement via coherent quantum feedback with PT symmetry." arXiv preprint arXiv:2012.00836 (2020), p2.

Figures from http://www.gwoptics.org/ComponentLibrary/



Mathematica Simulations



GW Noise Spectra
with backaction

* GW Noise Spectra
normalized for Signal GW Noise Spectral Density\/S»h(Hz‘wz)

Parameter Value
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Filter Cavity in FINESSE



Filter Cavity

* Blue detuned pumping

e FP cavity with movable end
mirror (mechanical
oscillator)

Figure from http://www.gwoptics.org/ComponentLibrary/
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Filter Cavity

* Anomalous Dispersion
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Miao, Haixing, et al. "Enhancing the bandwidth of gravitational-wave detectors with unstable optomechanical filters." Physical review
letters 115.21 (2015): 211104, p2.



Circulating
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Fabry Perot Cavity

Mechanics without
detuning
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Fabry Perot Cavity

Optical Spring Effect
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Future Directions

* Realize anomalous dispersion for filter cavity

* Add the rest of the building blocks of the system (arm cavity, negative
mass)

e Evaluate losses at different parts of the system



References

[1] LI, Xiang, et al. "Broadband sensitivity improvement via
coherent quantum feedback with PT symmetry." arXiv preprint
arxiv:2012.00836 (2020).

[2] Miao, Haixing, et al. "Enhancing the bandwidth of
gravitational-wave detectors with unstable optomechanical
filters." Physical review letters 115.21 (2015): 211104.

17



