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DETECTOR I

Mbx = M}.LSE—I—FeXt
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DETECTOR I

M — o0

ox = Mhx + Fovt

0Tsig ~ hx ~ const

L




DETECTOR I
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ox = Mhx + Fovt

0Tsig ~ hx ~ const

.. 13 ;
5$noise ~ — > l '

M X




THE BEST POSSIBLE SENSITIVITY

IN THE FOLLOWING | WILL ALWAYS CONSIDER
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THE BEST POSSIBLE SENSITIVITY

IN this [imit [ can ignore noise from the test mass and focus on the signal (and
noise) photons that | can detect
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MOST DETECTORS
(LIGO, OPTOMECHANICAL, WEBER BARS...)

The wave excites a mechanical mode




MOST DETECTORS
(LIGO, OPTOMECHANICAL, WEBER BARS...)




MOST DETECTORS
(LIGO, OPTOMECHANICAL, WEBER BARS...)
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MOST DETECTORS
(LIGO, OPTOMECHANICAL, WEBER BARS...)

(TLVK)2 (wg) =
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(LIGO, OPTOMECHANICAL, WEBER BARS...)

(TWeber)Q S QQ an




EM DETECTORS
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NAIVE COMPARISON
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COMPARISON ON STOCHASTIC BACKGROUNDS
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CASE I: QUADRATIC SIGNALS

by, 0 X (L (w)Eplw)) =
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Detector Bandwidth
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In albbsence of a signal,
the detector is empty (classically
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In albbsence of a signal,
the detector is empty (classically)
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But we have one quantum of noise
from vacuum fluctuations
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QUADRATIC SIGNAL
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Maximum power
from Poynting’s theorem
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ENERGY DENSITY
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CASE II: LINEAR SIGNALS
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CASE II: LINEAR SIGNALS
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CASE II: LINEAR SIGNALS

In abbsence of a signal,
the detector is not empty
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NARROW LINEAR SIGNAL
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STOCHASTIC BACKGROUND




POWER SPECTRAL DENSITY
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In practice we are comparing two Gaussians with zero mean and different
variance
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dw SSQig(w)
2 5= . (w)
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SNR = tint ~ 1

From maximum likelihood
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SNR

Exception

dw Sgig(w) 1/2
27 Snoise (W)
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SNR — tint

Photon counting [2211.04016, 2404.07524]




——————————————————

URIGA

Qg — chit

fffffffffffff

GW Energy Density: Q.(f,)
2

ek
-
|
[
N\

ek
-
|
(-
@)

10 10°

Metastable Cosmic String

1010



it/ A L)) T %
y,




QUADRATIC vs LINEAR
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CRAZY SQL

Extreme concepts: Quantum-Limated
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QUADRATIC vs LINEAR

QUADRATIC LINEAR
noise — / noise — £ 9
int int TTW

We can gain a lot
from
gquantum technigques







NO QUALITATIVE CHANGE
FOR QUADRATIC SIGNALS
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IN principle
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LINEAR

INn practice

phmn —> (/N +1) =0

You need to control an Avogadro’s number of photons
at the single photon level




SCANNING

Helsenberg limited sensors Helsenberg limited sensors
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Classical computer Grover algorithm
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CONCLUSION




