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Quantum noise
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Wave-particle duality
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Wave-particle duality
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Wave-particle duality
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Photo detector
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Standard quantum limit of GW detector
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Shot noise
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Shot noise of interferometer

E = hv
Photon energy
Laser power(W) = the number of photon(n) / time(s)
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Shot noise of interferometer
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Shot noise of interferometer
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Shot noise of interferometer
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Shot noise of interferometer

Low intensity

Signal to Noise ratio =
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Shot noise of interferometer
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Shot noise of interferometer
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If Shot noise is relatively larger than other noise(Thermal, Electric.. etc)
We say that it has shot noise limit sensitivity
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Shot noise of interferometer
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Standard quantum limit of GW detector
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Radiation pressure noise
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Standard quantum limit of GW detector
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Standard quantum limit of GW detector
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Classical electromagnetic wave
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Quantum noise of coherent light
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Heurs M. 2018 Gravitational wave detection u
sing laser interferometry beyond the standard
quantum limit.Phil. Trans. R. Soc. A 376: 20170
289.
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Phase and amplitude quadrature
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Gravitational wave detector

Living Reviews in Relativity volume 22, Article number: 2 (2019)
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Gravitational wave detector
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Quantum noise of gravitational wave detector
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Quantum vacuum fluctuation
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Quantum noise of gravitational wave detector
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Quantum noise of gravitational wave detector
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Gravitational wave detector
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Squeezed light
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Parametric down conversion
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Parametric down conversion
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Squeezed vacuum
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Figure 1.6: Simulation of electric field in time for (a) vacuum state and for (b)

squeezed vacuum.
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Quantum noise enhancement of LIGO
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Frequency dependent squeezing using filter
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Frequency dependent squeezing using filter
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Frequency dependent squeezing using filter
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Frequency dependent squeezing using filter
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Frequency dependent squeezing using filter
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Quantum noise side band figure
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Frequency dependent squeezing using filter
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Detuned cavity
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Quantum noise side band figure

Amplitude noise ! Phase noise
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Figure 1-2: Phasors of amplitude noise (left) and phase noise (right) in the sideband picture.
In the frame rotating at the carrier frequency w the carrier is still in these diagrams while
the sidebands rotate at €2, the signal at w + 2 rotating clockwise while the idler at w — (2
rotates counter clockwise. (Sidebands have equal amplitudes)
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Frequency dependent squeezing using filter
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Frequency dependent squeezing - KAGRA

PHYSICAL REVIEW LETTERS 124, 171101 (2020)
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Quantum noise of gravitational wave detector
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Einstein-Podolsky-Rosen paradox
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EPR squeezing for gravitational wave detector
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EPR squeezing for gravitational wave detector
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Generation and control of frequency dependent
Zi 1a_E
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Frequency dependent squeezing - KAGRA

PHYSICAL REVIEW LETTERS 124, 171101 (2020)
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Quantum noise of gravitational wave detector
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