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Quantum Limits for GW Detection

Standard Quantum Limit
Ax - Ap > h/2

mass
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light

probing test-mass position perturbs
momentum, causing back-action noise
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can be surpassed by quantum
correlations between light and mass.

[Unruh 1979; Caves, 1980s; Kimble et al., 2001]

Energetic Quantum Limit
AE - o¢ > haw,

mass mass

V==5&h

device and GW couple via intra-cavity
energy. Using Fisher Information,
h2
S, > A
&
higher energy uncertainty leads to
better sensitivity

[Braginaky & Khalili, 1990s; Tsang, Wiseman &
Caves, 2012; Miao et al., 2017; Pang & Chen, 2019]
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Standard Quantum Limit
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The Energetic Quantum Limit

[1dQ<JS%ﬂ2_A%2
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for coherent state

AE? = &2/N

Bandwidth-sensitivity trade-off
issue will be more severe for
longer interferometers
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_*larger finesse
.- more bounces

- better peak sensitivity
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“Mizuno Theorem”, 1990s
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W h Ite = L I g ht C av I ty [Wicht, 1990s, Wise et al, 2000s, Shahriar, 2010s]
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WLC Interferometer
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[Miao, Yang and Matynov, 2018]

More recent work at Caltech/ANU/UWA: broadband
amplification can also be stable
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More Theoretical Directions

GW lll
a )
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arm cavity ‘
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mirror cavity mode * negative mass
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vacuum fluctuations u;, * ¥ v, signal+noise

(a,x)
FP Micheislon

(a,b,x)

speed meter

(a,b,x,c)
white-light interferometer

(a,b,x,c,x")
back-action-evading
(quantum-mechanics free)
white-light interferometer

Coherent Quantum feedback system (stable/unstable) [Nurdin, James, Petersen, 2009]
Quantum Error Correction [Zhou, Zhang, Preskill & Jiang, 2018]

Non-reciprocity, PT symmetry and Exceptional Points [Miri & Alu, 2019]

“Quantum Mechanics Free” measuring devices [Tsang & Caves, 2012 ]

Optimization of quantum networks.




More Experimental Directions

 Bulk acoustic oscillators

Microwave circuits

Superfluid helium
oscillators

Superfluid helium droplets

Diamond NV centers
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Frequency (MHz) 10°

a) optical

T mirror

standing-wave
optical modes

standing-wave
phonon mode

[Galliou et al., 2013; Kharel et
al., 2018]




GW Detector = X Detector

Device DOF

deformable
boundary

GW
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