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resonant sideband extraction

In a signal-recycled interferometer, the transfer function of DARM
fluctuation ∆L to dark-port power fluctuation ∆P is determined by

• the ITM transmissivity Ti,
• the SRM transmissivity Ts,
• the microscopic one-way SRC phase ϕ,
• the homodyne angle ζ, and
• the optical gain g, which depends on the above four quantities
as well as the beamsplitter power Pbs.

We also define the arm pole fa = cTi/8πL, and the SRM amplitude
reflectivity rs =

√1− Ts.

2/10



resonant sideband extraction

For O1, we aimed for resonant sideband extraction: ϕ = ζ = π/2. The
DARM optical plant has a particularly simple form in this case:

∆P
∆L =

g
1+ if/p , (1)

with
p = fa

1+ rs
1− rs

. (2)

3/10



detuned rse: buonanno and chen representation

If ϕ ̸= π/2 or ζ ̸= π/2, the DARM optical plant is more complicated:

∆P
∆L ∝

tseiβ
[(
1− rse2iβ

)
cosϕ cos ζ−

(
1+ rse2iβ

)
sinϕ sin ζ

]
1+ r2se4iβ − 2rse2iβ [cos 2ϕ+ (K/2) sin 2ϕ]

√
2Pbsω2

0
ω2a +ω2 ,

(3)
where β = − arctan f/fa = − arctanω/ωa,

K =
8Pbs
ML2

ω0
ω2(ω2a +ω2)

, (4)

and ω0 is the angular frequency of the laser.
(Buonanno and Chen 2001, also Rob Ward’s thesis)
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detuned rse: current and future optical plants
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O1 ideal: φ= 90◦, ζ= 90◦
O1 actual: φ= 90.5◦, ζ= 90◦
Design: φ= 90◦, ζ= 90◦
Design: φ= 74◦, ζ= 90◦
Design: φ= 74◦, ζ= 100◦
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detuned rse: quasi-zpk representation

We can recast this transfer function into a form that is (nearly) a zpk
representation:

∆P
∆L = g× 1+ if/z(

1+ if
|p|Qp

− f2
|p|2

)
− ξ2

f2
, (5)

with parameters g, |p|, Qp, z and ξ.
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the complex rse pole

The RSE pole p is now complex:

p = fa ×
1− rse2iϕ
1+ rse2iϕ

. (6)

The Q of the pole is
Qp =

|p|
2 Rep . (7)

As ϕ → π/2, the pole p becomes real, and so Qp attains its minimum
value of 1/2.
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the rse zero

The RSE zero z is always real:

z = fa ×
cos(ϕ+ ζ)− rs cos(ϕ− ζ)

cos(ϕ+ ζ) + rs cos(ϕ− ζ)
(8)

As ϕ → π/2, z → p regardless of the value of ζ.
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the spring frequency

The square of the spring frequency is

ξ2 = f2a ×
2αrs sin 2ϕ

1− 2rs cos 2ϕ+ r2s
, (9)

where
α =

4Pbsω0
(2πfa)4ML2 . (10)

If ξ2 > 0, the spring feature is a (somewhat) sharp resonance with an
associated phase gain in the transfer function. If ξ2 < 0, the spring
feature is broad and has only small a effect on the transfer function
phase. In either case, ξ2 → 0 as ϕ → π/2.
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detuned rse: zpk approximation

If |ξ2| 12 ≪ |p|, the denominator of the optical plant can be
approximately factorized:

∆P
∆L ≃ g× − sgn(ξ2)× f2 × (1+ if/z)(

1+ if
|p|Qp

− f2
|p|2

)(
1− if

|ξ2| 12Qξ

− f2
ξ2

) , (11)

with Qξ = Qp × |p|/|ξ2| 12 . This shows that when ξ2 > 0, the spring
poles are complex and right-handed in the s-domain. When ξ2 < 0,
the spring poles are real, with one right-handed and the other
left-handed.
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