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FiG. 5—Top: Cumulative shift of the times of periastron passage relative
to a nondissipative model in which the orbital period remains fixed at its
1974.78 value. Botrom: Differences between the locally measured periastron
times and those expected according to the DD(1) parameter set. Dashed curves
illustrate differential trends that would be expected (relative to epoch 1988.54)
if the rate of orbital decay P, were 2% larger or 2% smaller.
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A H] | zmmms | NEREH(hr) | B & & (Gyr) i
B1913+16° 59.03 7.75  0.617 0.37
B1534+12¢ 37.90 10.10  0.274 2.93
J0737-3039Ac  22.70 2.45  0.088 0.23 /LS —ELTER
J1756-2251° 28.46 7.67  0.181 2.03
J1906+0746°  144.14  3.98  0.085 0.082 2006512 B DM o= HD
Jo1B7 L1102  32.76 8.047  0.681 0.32

(Lorimer, LRR, 11, (2008), 8)
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Standard quantum limit

Heisenberg Uncertainty
Relation

[Az(t)][Az(t2)] 2

h(to —t1)

M

t1: right after 1st measurement

to: right before 2nd
measurement

\ ¢

Standard Quantum Limit

2h

So(9) =/ 77

V.B. Braginsky, Sov. Phys. JETP 26, 831
~1968

V.B. Braginsky and Yu.l. Vorontsov, Sov.
Phys. Usp. 17, 644 ~1975

V.B.Braginsky, Yu.l. Vorontsov, and F.Ya.
Khalili, Sov. Phys. JETP, 46, 705 ~1977



Quantum noise in an interferometer

Proper model

e Vacuum fluctuation is injected into the interferometer from the back of the
beam splitter I

Caves, Walls & Milburn,

Vacuum Braginsky & Khalili, ...




Ponderomotive squeezing

Incident light: (Amplitude fluctuations) + (Phase fluctuations)

a2
mirror
al

Reflected light: (Original amplitude fluctuations)
+ (Phase fluctuations caused by the original amplitude fluctuation)
+ (Original phase fluctuations)



Ponderomotive squeezing

Incident light: (Amplitude fluctuations) + (Phase fluctuations)

Can be Cancelled out with
homodyne detection

Reflected light: (Original amplitude fluctuations)
+ (Phase fluctuations caused by the original amplitude fluctuation)
+ (Original phase fluctuations)



Homodyne detection

e Picked-off light can be used as a reference beam

A Ordinary

e Homodyne phase should be optimized measurement axis

Local
reference

e
Homodyne

phase

"""" Noise

» GW signal

Optimum axis

A
Noise




Quantum noise

e Radiation pressure noise can be cancelled at narrow band
e The frequency can be chosen by adjusting the homodyne phase

e Can even beat the standard quantum limit

— Conventional(C=0)
— (=1/2Arccot(1/2)

C=n/4
£=0.2
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Geometric Anti-Spring (GAS) Filter

EXA=TL—FDN\R A+ BLAFTEZEITKYVELE R/
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Expanded

Resonant Frequency [HZz]
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