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OUTLINE
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SQUEEZING?  WHAT‘S  THAT?


 
HOW  CAN  IT  HELP  US?


 
„HISTORICAL“

 
RESULTS


 
RECENT  AND  ONGOING  WORK


 
OUTLOOK –

 
FUTURE  POSSIBILITIES
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COHERENT STATE
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VACUUM STATE
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SQUEEZED VACUUM STATE
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EXPERIMENTAL GENERATION

(7% MgO: LiNbO3 / PPKTP)

BASED ON OPTICAL PARAMETRIC AMPLIFICATION (OPA)
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IMPLEMENTATION IN                      
GRAVITATIONAL WAVE DETECTORS
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GEO 600 SENSITIVITY
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SHOT NOISE LIMITED

> 1000 Hz
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SHOT NOISE (DARK FRINGE OPERATION)
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SHOT NOISE (DARK FRINGE OPERATION)
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SQUEEZED INPUT
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28 YEARS OF PREPARATION
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1981 -
 

FIRST PROPOSAL
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1985 -
 

FIRST SQUEEZING RESULTS
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REQUIREMENTS
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SQUEEZING IN GW DETECTION BAND
(10 Hz –

 
10 kHz)


 
STABLE CONTROL SCHEME
(allowing

 
for

 
long-term, independent operation)


 
STRONG SQUEEZING
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OLD EXPERIMENTAL APPROACH

15
 
G0900615-v1



RF SQUEEZING
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RF SQUEEZING II
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COHERENT CONTROL SCHEME
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COHERENT CONTROL SCHEME II
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CONTROL

PUMP

SQUEEZED
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LOW FREQUENCY SQUEEZING

New J. Phys. 9 (2007) 37120
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HOMODYNE DETECTOR

21
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PROOF OF PRINCIPLE

22
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RESULTS

unpublished23
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STRONG SQUEEZING
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MONOLITHIC SQUEEZED LIGHT SOURCE

25

•

 

Monolithic

 

cavity

•

 

Nonlinear

 

medium:

•

 

Finesse of 50 @ 1064 nm

•

 

High escape

 

efficiency

•

 

Free spectral

 

range: 11 GHz

2  2.5

 

6.5

 

mm LiNbO3

 

crystalx x



 

minimized

 

losses
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STRONG SQUEEZING @ 5 MHz
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11.5 dB squeezing

unpublished
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LOW LOSS PHOTODETECTOR
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New custom
 

made
 

PD‘s


 

AR coated
 

@ 1064 nm


 

Quantum efficiency
 

= 99%


 

2% better
 

than
 

Epitaxx


 

Active
 

area
 

500 µm
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A SQUEEZED LIGHT SOURCE FOR

28

GEO 600
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GOALS
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STRAY LIGHT REDUCTION
-

 
use

 
superpolished

 
optics


 
LOSS REDUCTION

-
 

allowing
 

a permanent sensitivity
 

improvement


 
HIGHER NONLINEARITIES

-
 

avoid
 

polarization
 

optics
 

where
 

possible
-

 
go

 
into

 
class

 
100 cleanroom

-
 

FIRST CONTACT –
 

advanced
 

cleaning
 

technique

-
 

go
 

for
 

highest
 

QE –
 

99%

-
 

less
 

pump power ↔ smaller
 

thermal effects
 evaluate

 
PPKTP


 
DIGITAL REMOTE CONTROL SCHEME
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EXPERIMENTAL LAYOUT SCHEME I
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2-COLOR LASER
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SECOND HARMONIC GENERATOR

31

•

 

Hemilithic

 

cavity

•

 

Nonlinear

 

medium:

•

 

Singly

 

resonant

 

at 1064 nm

•

 

Coupling

 

mirror: R = 92%

•

 

Compact design

1

 

1.5

 

9.3

 

mm PPKTP crystal



 

Finesse ≈

 

60 

•

 

High intrinsic

 

mechanical

x x

stability
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EFFICIENT SHG

32

inferred

 

conversion

 

efficiency
> 92%

unpublished
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EXPERIMENTAL LAYOUT SCHEME II
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EXPERIMENTAL LAYOUT SCHEME III
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EXPERIMENTAL LAYOUT SCHEME IV
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EXPERIMENTAL LAYOUT SCHEME V
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GEO SQUEEZER BREADBOARD

Breadboard:    113x135 cm

(Mephisto OEM in future)

> 120 opt. components

Aux. Lasers: Mephisto OEM

total weight

 

≈

 

120 kg 

37

Optics: ATF (superpolished)

Nonlinear

 

medium: PPKTP

Beam

 

height: 50mm

Compact design

Main Laser: InnoLight

 

Mephisto
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STATUS OF THE EXPERIMENT I

38

SET-UP COMPLETED:

second harmonic

 

generator

2 phase-locking

 

loops

premodecleaner

 

@ 532 and 1064

squeezed

 

light source

FUTURE WORK:

homodyne

 

detector

injection

 

into

 

GEO 600

 
G0900615-v1



STATUS OF THE EXPERIMENT II
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LOSS BUDGET

40

5% 2% 5%

1%

1%1%
1%

1%

2% 2%

Total loss: 20%
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LOSS BUDGET II

41

Goal:
6 dB detected

 

squeezing
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FUTURE  WORK
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THERMAL NOISE…

43 Abbott et al: Seismic

 

isolation

 

for

 

advanced

 

LIGO

… will be
 

one
 

main
 

problem
 

in 2nd generation
 

detectors

thermal noise
 

amplitude
 

~ temperature
~ 1/quality factor
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CRYOGENIC SOLUTION

44 Kuroda

 

et al: Introducing

 

LCGT (2007)
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SEARCH FOR NEW MATERIALS
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Temperature [K]

Q
ua

lit
y

fa
ct

or
FUSED SILICA

Nawrodt: PhD

 

thesis

 

(2007)
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CLIO/LCGT: SAPHIRE

46

Q > 108
Bulk substrate:

Q > 108

 

@ T < 20 K

Yamamoto et al, (2006)
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SILICON –
 

QUALITY FACTOR

47 R. Nawrodt

 

et al
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SILICON -
 

ABSORPTION

48

Q > 108
Suprasil 3001 (300K):

0.25 ppm/cm @ 1064nm

Green et al (1995)
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MEASUREMENTS IN PREPARATION @ AEI

49 ongoing

 

experiment

 

by

 

J. Dueck

Monolithic

 

silicon

 

resonator

 
(Finesse ≈

 

20000)
Expected

 

absorption

 

coefficient:
< 3.2 ·

 

10-8/cm @ 1550 nm

Measurement

 

via temperature

 
distribution

 

in substrate
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SQUEEZING @ 1550 nm

50
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SQUEEZING @ 1550 nm @ 5 MHz

Mehmet et al, Opt. Lett. 34 (2009)

5.3 dB squeezing

51

photodiode:
Epitaxx

 

ETX-500 (InGaAs)
QE: 90

 

+/-

 

4%
escape

 

efficiency:
approx. 90 %

total optical

 

loss:
23 +/-

 

4 %
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THE FUTURE OF SQUEEZING

52


 
SQUEEZING @ 1550 nm
-

 
optimize

 
crystal

 
coating, reduce

 
detection

 
losses

 10 –
 

15 dB feasible
 

for
 

the
 

coming
 

decade


 
SQUEEZING IN GENERAL

-
 

use
 

of monolithic
 

cavity
 

possible
-

 
low

 
frequencies:

laser
 

development/characterization
 

required

(less
 

pump power ↔ smaller
 

thermal effects)
-

 
evaluate

 
materials

 
with

 
higher

 
nonlinearities
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SQUEEZING IN FUTURE DETECTORS?

53

-
 

high circulating
 

power

100 Hz -10 kHz

-
 

15 dB squeezing-enhanced

(several
 

MW)

1 -100 Hz

-
 

low
 

circulating
 

power
(< 1 kW)

-
 

cryogenically
 

cooled

-
 

heavy
 

test masses
(100 –

 
200 kg)

-
 

15 dB squeezing-enhanced

BROADBAND DETECTOR WITH FILTER CAVITIES
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SPARE SLIDES
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PROOF OF PRINCIPLE II

Nature Physics

 

4 (2008), 472
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BACK-ACTION NOISE

(SQL)

Shot noise

Radiation pressure 

noise

[Unruh 1982]
[Jaekel, Reynaud 1990]

QND- 
Regime

Squeezed Light Input 
(8dB)

ˆ X 1

ˆ X 2

 
G0900615-v1



ROTATING THE SQUEEZING ELIPSE

14.1 MHz14.1 MHz

X2

X
1

Chelkowski

 

et al, PRA 71, 013806 (2005)
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LOSS II
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COHERENT STATE

t

E
ˆ X 1 ( ˆ a )

ˆ X 2 ( ˆ a )


 ˆ X 1

 ˆ X 1  ˆ X 2  1
4

  ˆ a   ˆ a 

Coherent state

Coherent amplitude: 
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AMPLITUDE SQUEEZED LIGHT

t

E)ˆ(a

)ˆ(a


 ˆ X 1
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PHASE SQUEEZED LIGHT

t

)ˆ(a

)ˆ(a



E
 ˆ X 1
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SQUEEZED VACUUM

t

E)ˆ(a

)ˆ(a )ˆ(a
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