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Introduction

end Mirror  gpe——

Quantum noise
In a recombined-type FPMI
2 front mi
Sh _ hSQL 1 s K ront mirror
2 K beam
laser splitter' \
[ Kimble et al. 2001] \ ’
Quantum nqise 7
In a recombined-type SR-FPMI photo detector

hSQL2 (C,,sinz +C,,cosz)* +(C,,sinz +C,,cosz)?
21°K | D, sinz + D, cosz [

[ Buonnano & Chen 2001 ]

2-dips in the noise curve

S\(W) =
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Locked-type FPM
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Locked-type FPMI LSC

Signals are detected in each arm.
PBS transmits the light with horizontal
polarization and reflects that with vertical

polarization.
FP cavity
-l assumption
1 1/42 1. Cavity’s end mirrors are
Signal 1 completely reflective.
® PR 2. No phase shift for
| the carrier light other than
P 1 \ in the FP cauvity.
/ U\ ] 3. Negligible phase shift for
Laser BS the sideband except

In FP cavity.

X} Signal 2 4. All optics are lossless.
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Vacuum fluctuations injected into the IFO LSC
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FP cavity
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Signal 1 b
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Vacuum fluctuations injected into the IFO LSC

T
FP cavity o _ _
Vacuum fluctuation injected into this IFO
S Is only “a”. What we want to know is
1/47 the relation between “a” and “b”
—r—— L/ v
Signal 1 b
<_
X
® >_Z PBS
P 1| \
/] U\ ]
Laser BS T
a

® Signal 2
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Vacuum fluctuations injected into the IFO LSC

T
FP cavity L. : :
Vacuum fluctuation injected into this IFO
S Is only “a”. What we want to know is
1/47 the relation between “a” and “b”
—r—— L/ v
Signal 1 b
<_
X
® >_Z PBS
P 1| \
/] U\ ]
Laser BS T
a

® Signal 2

hSQ |_2 1
S, (W) = +K
(W 2 K
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Locked-type SR-FPMI
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Putting SR mirrors

FP cavity 1 ..
a_» al=— ez'b Dq

— V2

—t— 1/ 44 Dg° qg"-g°

Signal 1

®a’ PBS

- )

T a ® Signal 2
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Putting SR mirrors

FP cavity 1 ..
a_» al=— ez'b Dq

— V2

—1/4A °q"-q°
Signal 1 Dq G d
I
®_>| PBS
o SR cavity
Al ( ) £9 [y /Gl
Laszer BS

R darkport cavity
T d ® Signal 2 q° [Wy 4/Cliodep
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Sensitivity curve

2 . .
hso” (C,,sinz +C,,c0s2)* +(C,,sinz +C,,cosz)’

WIS o

SNOHZ"]
10-21 |
19-22 |
10723 L

10—24 i

| D, sinz +D,cosz [

(f, g) = (L4, 086)

161 152 153
71Hz]
—— (uadratureBi quadrature2
(z=pl2) (z=0)
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Arm length 3km
Mirror mass  30kg

Laser wavelenth 1.064/mm

Laser power
Iy = lgo = 2162W

FP cavity’s Mirror transmissivity

T=014
SR mirror reflectivity
r =098



Interpretation of dips
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Decomposition of spectral density

b" - b° Noise signal
l normalization

0;(Q) = 2:(Q) + Rz F: () + Lh(Q) i=12

shot radiation R (W) 4

LY, oyl
!

: ; : :
‘Sh — ?[SEE + RiIS}"f 5 QRLE.{:SEF]

Analyzing each term will gives the interpretation of the dips.
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The number of dips

S’] =0 - \/E — —Rﬁﬁm | (QTES)Q

y [(14y)? cos2(0 + ¢) — (1 — 6y +y?)]
= 2n[(14+1vy) sin2(0 + ¢) + (1 — y) (sin20 + sin2¢)] n = lo/lsqL
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The number of dips

i *5.?': 5 (Qw-es )2

— (1 -6y +9?)]
+ (1 — y) (sin26 + sin2¢)] n = Ilo/IsqL

IS
1l

The number of dips depends
on g and f
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The number of dips

S =0 mmp Sz,z, = —Ruan\/Sr, 7, (5_2?'65)2

y [(1+y)? cos2(0 + @) — (1 — 6y + 3]
2(0 + @) + (1 — y) (sin20 4 sin2¢)| n = Ilo/lsqL

P, 10% ¢ optical dip
=)
z |\
& 5107 | l o
1. 2
3
- I
A ,r"
= 10t -7
5 Pl mechanical dip
l L
10° 107 107t 1 10" 107 107
_ n
The number of dips depends >
on g and f ! High laser power

LIGO-G070078-00-Z



The reason for the increase of optical dips

o
N1 () The circulating light passes through
FP the FP cavity twice during the light trip
cavity In the interferometer.
?s A 1
SR : : :

PD1 ivor /4 It doubles the light path in the interferometer
2, |_> v compared with that of a recombined-type.
“+— | 4 PBS1
b" 2ul

adl| b PBS2 ;Llil 4 / \
LASER /| LA /
CR

SR mirror

qe Tl be
7 PD2
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The reason for the increase of optical dips

Sz =0 5757, =0
recombined type
COS2b = cos2f
— £20+2p m=2f

— > tarctanW/g)- Ff=p m
Q/y f

||

\

\

-2 3*7 -7 T 3I_-"-T
2

2o

locked type
cos4b =cos2(f +q)
+4b+2p0 m=2(f +q)

t+2arctanW/g)- (f +g)=p m
f+q

Q/y
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Comparison with recombined-type
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Comparison of Inspiral range with Adv-LIGO

S, (NH=]
' Adv-LIGO(quantum)

Mirror thermal

Locked RSE
(f =109, g=132
10! | 102 153
J1Hz]
configuration NS binary BH binary (50Mg) BH binary (100Mg)
Advanced-LIGO 1 | 1
Locked-type (blue) 0.90 1.05 1.24

Classical noise impairs the advantage of the locked-type RSE.
But, lower classical noise allows us to improve the sensitivity.
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Comparison of Inspiral range with LCGT LSC

S, (OIH="]
\ LCGT(tuned, detuned)

Mirror thermal

[
[0

10~

T |

SQL

Locked RSE1
(f =013 g=149
Locked RSE?2
(f =138 g=06)

10
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Summary ﬂ

We considered quantum noise in a locked-type FPMI
and applied signal recycling to it.

There appears at most In the sensitivity curve.

Then, applying locked-type RSE to a real IFO and
making the third dip in low frequency, gives

the improvement of the SNR for binaries

by the factor 1.4 - 2.9.

It is important to reduce the classical noise level
(particularly, thermal noise) in order to take advantage of
the quantum technique.
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The END
&3
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Input —output relation
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Decomposition of spectral density LSC

Assuming ¢ <<1 and taking the leading term about [

D, ® D, gives
the spectral density
for the other quadrature.

Numerator =0 — The dip of qguantum noise

Denominator =0 —>  GW suppression
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Decomposition of spectral density

(

Arm length 3km
Mirror mass 30kg

Laser wavelenth 1.064//m

Laser power
lo = 5o = 2162V

FP cavity’s Mirror transmissivity

—_— S2121”—2
- R)(XZSFlFlle

T=014
SR mirror reflectivity
r =098
\
2‘ Rxx821F1‘/ L2

S, (total)
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The number of dips

S71 =0 5757, =0

>

2 real solutions BevhenAiAA Y AADAdedenerated sonlutionBe

> Sn:Szz/I—2

o/ 1sg ® O

mm) 2 optical dips
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GW suppression
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Validity of the high reflectivity approximation

Larger 7 makes the deeper dips.AiAi
The resonant frequencies of a full calculation
greatly agree with that in the approximation.
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Inspiral range of binaries

(K.Thorne)

Fourier component

[h(f)fu f7°

. ¥|h(f)]
SNR- =4 df
(SNR"=4, S.(f)

(Flanagan & Hughes 1998)

LIGO-G070078-00-Z



Parameters for Inspiral Range Calculation

parameter

SNR
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