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PULSAR TIMING
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NATURAL UNITS
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DETECTOR I

LASER

Un ~ E5V5

Uin i PinwL




DETECTOR I

Mbx = M}.LSE—I—FeXt




DETECTOR I




DETECTOR I

M — o0

ox = Mhx + Fovt

0Tsig ~ hx ~ const
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DETECTOR I

M — o0

ox = Mhx + Fovt

0Tsig ~ hx ~ const
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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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CASE I: QUADRATIC SIGNALS

by, 0 X (L (w)Eplw)) =







Awd
Detector Bandwidth

J\




In albbsence of a signal,
the detector is empty (classically
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In albbsence of a signal,
the detector is empty (classically)

2TTW
Pmin —
tint

. But we need at least one photon generated by the signal




QUADRATIC SIGNAL
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QUADRATIC SIGNAL
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Maximum power
from Poynting’s theorem




QUADRATIC SIGNAL
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ENERGY DENSITY
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CASE II: LINEAR SIGNALS

Eh E() X h W E()w
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CASE II: LINEAR SIGNALS

Awd
Detector Bandwidth
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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




SNR

Single Detector Two Detectors Optimal Filtering
Sh(w ) 1/2 Sz(w) 1/4
SNR ~ - SNR = [ty [ dwI? L
S (ws) / W
), — 2, X :
’ ’ \/Ac‘ﬂfint

f the fotal energy density is not fixed
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NO QUALITATIVE CHANGE
FOR QUADRATIC SIGNALS




LINEAR




LINEAR

IN principle
- 27T W
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LINEAR

INn practice

min
Pnoise — . \/NW — 1

You need to control a huge number of photons (a billion for LIGO)
at the single photon level
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QUADRATIC vs LINEAR
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ENERGY DENSITY
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QUADRATIC vs LINEAR

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

We can gain
from
gquantum technigques




THE MISSING PIECE
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MOST DETECTORS
(LIGO, OPTOMECHANICAL, WEBER BARS...)

The wave excites a mechanical mode




EVERYTHING ELSE
(LIGO, OPTOMECHANICAL, WEBER BARS...)




EVERYTHING ELSE
(LIGO, OPTOMECHANICAL, WEBER BARS...)

4 4
T4 (w) = g1
(W2 — Ww?)? + w2wi (W2 — w2)2 4 wows,
1 Q> m g’/ Q32




EVERYTHING ELSE
(LIGO, OPTOMECHANICAL, WEBER BARS...)




INTERFEROMETERS vs RESONATORS




INTERFEROMETERS vs RESONATORS
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SOME SUSPICIOUS RESULTS
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LI-BAKER

F. Li et al., Phys. Rev. D 80, 064013 (2009), 0909.4118
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LINEAR CAVITIES

hclaim 2 10— 24 10—36

N. Herman, L. Lehoucq, and A. Fuzfa, Phys. Rev. D 108, 124009
(2023), 2203.15668
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SOME LARGE SIGNALS
1

Signals from
G. Servant and P. Simakachorn
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“CRAZY" RESONATOR
]

ITER Energy, Q=10
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"CRALZY" LASER

1 ;
- /LIGO Size, 10'® W Laser, Optimal Filtering
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“CRAZY" QUANTUM LASER
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CONCLUSION







EM RESONATOR




EM RESONATOR

Q%, ADMX —like : wy = w, = wy, wo =0,
Q°=%, MAGO —like : ws = wp = w1 > w, .
0




BROAD SIGNAL

Detector Bandwidth Awd

—1
int
Resolution

Aw,

:Awd, Aws' | — L

17 Y1nt -

“;\)\i‘
I AT



L
ROAD SIGNA
B

n(Af)T ~

re
e as befo
Sam




SIGNALS (strings)




SIGNALS

PT. — =7 a=10 T ~10" GeV

INfKin: Hyp ~ 1016 (eV + late time kination from QCD axion DM




SAME BUT QUANTUM (EM RESONATOR)

Perfect Resonator + GW

Hy = anag(t)an(t) — h(ng)QCZwm(wm + wy)al am + ... + h(wyL)*wyBo(Cray,- + Chal.)

n m,mn

Measurement Port + Intrinsic Losses

Hyp = / deo {wb' (w)b(w) + g(w) b(w)a (t) — b (@)a(t)]}




SAME BUT QUANTUM (EM RESONATOR)

Measurement Port




SQUEEZING




SQUEEZING
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Measurement Port




SQUEEZING
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SQUEEZING
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MANY OTHER IDEAS

1. Quantum non-demolition measurements: for instance “speedometers” for
Inferferometers, strongly suppress back action from the laser

k2 + 407 | 16Uinw%
AU w5 LA M niror 24 (K2 + 4€02)

2. Entanglement of input photons to get an advantage that scales like N when
combining N Interferometers
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