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Mizuno Theorem & Energetic Quantum Limit
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Braginsky, Khalili, Gorodetsky & Thorne: Energetic Quantum Limit (arXiv:gr-qc/9907057)
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Connection to the Quantum Cramer-Rao Bound

system’s density matrix depends ., . @ _Fa L Af L is like interaction
on parameter 6 pLo) : lag = Lp-pL Hamiltonian!
X is an unbiased estimator tr [X,b(@)] =0
minimum error tr [ﬁ()A( - 9)2] = :
Mr[pL2]

Basically the same as Energetic Quantum Limit!
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The QCRB requires high amplitude fluctuations

Does not require low phase fluctuations
[reaching it requires no optical losses]

® See Rana’s talk for more details.



Increasing the Cramer-Rao Bound (l)
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® By injection of squeezed vacuum
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® Need to squeeze the signal quadrature, anti-squeeze the amplitude quadrature
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® By internal squeezing, Mikhail Korobko’s talk.
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Increasing the Cramer-Rao Bound (ll)

-----------------

propagation delay

; | ; HroLah YaCUL white light cavity
; anomaious g > Wicht et al., S. Wise et al.,
: dispersion

Zhou, Shahriar et al.

..................

® Phase Insensitive Amplification
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e Possible if the filter is unstable [Ma, Miao, Zhao & Chen].
® Entire system can be stabilized.



Increasing the Cramer-Rao Bound (lil)

® Can optical spring (ponderomotive squeezing) be used to increase the Cramer-Rao
bound?

® |s the CR bound reachable?

Rana and Haixing’s talk.



An interesting way to think about the QCRB

® Detector’s emissivity of gravitational waves, when it is driven by vacuum fluctuations.
[Proposed by Yuri Levin, discussed further by Smith-Lefebvre and Miao].
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Conceptual Problem
is EM field radiating or test mass radiating?
related problem
does signal come from the motion of mirrors or
phase shift of light?




Belinda Pang’s slides, joint work by Yigiu Ma & Belinda Pang

Detector as Emitter

Using g-CRB, we can show that the best GW detector is also the
best GW emitter when driven by quantum fluctuations (no
classical drive)

ldea: higher SNR bound is achieved by increasing power
fluctuations, which corresponds to higher probabilities of graviton
emission

Energy radiationby dE 1 ... ... y
gravitational waves dt 5

larger test

power fluctuations » force noise ,
mass motion
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TT Gauge

Coordinates of particles moving along geodesics are constant in

time, even when GW passes!

Metric ds® = —dt* + (1 + h)dx?* + (1 — h)dy?
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Belinda Pang’s slides, joint work by Yigiu Ma & Belinda Pang

Hamiltonian in TT Gauge
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Hamiltonian: H = H.., + How H Hin
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Direct coupling of strain Derivable from action principle
to cavity amplitude! applying TT gauge constraints
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Probability of graviton emission

Calculate probability for the transition
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Belinda Pang’s slides

summary

The quantum Cramer Rao bound is the fundamental limit to
parameter estimation using a quantum probe (or using a
guantum system to measure a classical signal)

Increasing the bound on SNR to a particular waveform h means
increasing power fluctuations inside the cavity

Increasing SNR (or power fluctuations) also means we will
increase GW radiation into the waveform h

This also means maximizing SNR for LIGO will also maximize
GW radiation due to quantum fluctuations - possibly a
fundamental source of quantum decoherence due to
Heisenberg uncertainty! Best candidate for detecting such a
decoherence?



Quantum Cramer Rao Bound

Fundamental limit derived from linear measurement theory

|ldea: how distinguishable is the quantum state of a probe before

Belinda Pang’s slides

and after detection of classical signal?
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