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Outline 

•  Review on Squeezed light injection: 

 Comparison with self-squeezing 

  

•  Squeezed light generation and control: 

 Transients? 

•  Progress on squeezed light lasers: 

 1064 nm 

 1550 nm 
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Interferometer Quantum Noise 

Laser 

Photo  
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splitter 

Mirror 

[Caves, Phys. Rev. D 23, 1693 (1981)] 

Zero point fluctuations 
(vacuum noise in amplitude and phase) 

Radiation pressure noise 
(quantum back-action noise)	



Photon counting noise 
(quantum measurement noise)	
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Photon Counting Noise (Shot-Noise) 
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Photon Counting Noise  -  Squeezed 
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Squeezing factor: 3 dB 

Squeezing factor: 10 dB 

“Squeezed” Counting Statistics 

Photon number N 
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Squeezing in the Wave Picture 
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Ω	

Ωc+Ω1	



Ωc-Ω1	



 Quadrature squeezing at 
sideband frequency Ω1	



(Amplitude quadrature amplitude)	



(Phase quadrature amplitude)	
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Squeezing in the Wave Picture 

Ω	



X1 

X2	

 Ωc	


Ωc+Ω1	



Ωc-Ω1	



+ 

+ 
8 

 Quadrature squeezing at 
sideband frequency Ω1	
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Squeezing in the Wave Picture 
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Measured: 
- 11.5 dB / +16 dB@5MHz 

 Phase-space  
quasi-probability 
distribution of  a 
squeezed vacuum 
state 
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Laser 
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Squeezing the Shot-Noise 

Photo  
diode 

Beam 
splitter 

Mirror 

[Caves, Phys. Rev. D 23, 1693 (1981)] 

Squeezed  
light laser Faraday 

Rotator 
Yuen, PRA (1976): 
“Two-Photon  
  coherent states” 
    later: è 
”Squeezed states” 
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Squeezing the Shot-Noise 

Quantum noise in phase quadrature 

Standard 
quantum limit 

(SQL) 

Shot noise 

[Caves 1981] 
X1 

X2 

(Both signal 
Normalized) 
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Filter cavities 

Laser 
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Squeezing the Shot-Noise (SN) and the 
Radiation Pressure Noise (RPN) 

[Kimble et al., Phys. Rev. D 65, 022002 (2001)] 

Squeezed  
light laser 

Faraday 
Rotator 

[Unruh (1983),   
Yuen, Phys. Rev. Lett. 51, 719 (1983); 
Jaekel and Reynaud,  
Europhys. Lett. 13, 301 (1990)] 
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Standard Quantum 
Limit (SQL) * 

Shot noise 

[Jaekel, Reynaud 1990] 

  QND-
Regime 

Squeezing  the Shotnoise and the RPN 

Squeezed Light Input  
(8dB) ! 

ˆ X 1
! 
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Laser 
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Squeezed Input and Output Filtering 

Squeezed  
light laser 

Faraday 
Rotator 

Filter cavities 

[Kimble et al., Phys. Rev. D 65, 022002 (2001)] 
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Standard Quantum 
Limit (SQL) * 

Shot noise 

QND 

Output Filtering 

Back-action  
evasion  
due to  

   self-squeezing 
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Standard Quantum 
Limit (SQL) * 

Shot noise 

QND 

Output Filtering and Squeezed Input 

Back-action  
evasion 

Squeezed Light Input  
(8dB) 
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Standing wave cavity 

Generation of Squeezed Light (PDC) 

 χ2-nonlinear crystal: 
MgO:LiNbO3 or PPKTP 

Pump field input 
(cw, 532nm) 

Squeezed field output 
(cw, 1064nm) by parametric 
down-conversion (PDC)  
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Phase Fluctuations of Pump Field 
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 Quadrature squeezing at 
sideband frequency Ω1	
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Amplitude Fluctuations of Pump Field 
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Power Changes of Pump Field 

20 

-10

-5

 0

 5

 10

 15

 20

 25

 5  10

 vacuum noise

5 mW

5 mW

10 mW

10 mW

15 mW

15 mW

20 mW
25 mW

25 mW

35 mW

45 mW

45 mW

 M
a

g
n

it
u

d
e

 n
o

rm
a

li
z
e

d
 t

o
 v

a
c
u

u
m

 l
e

v
e

l 
[d

B
]

Frequency [kHz]

 [Measurements 
performed on the 
GEO600 squeezed 
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Squeezed Light Injection  

Photo  
diode 

Beam 
splitter 

Mirror 

[Caves, Phys. Rev. D 23, 1693 (1981)] 

Squeezed  
light laser 

Faraday 
Rotator 

 Possible “transients” and 
stationary noise are due 
to retro-reflected 
interferometer light	
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Squeezing Progress at 1064 nm 
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r = 0 
 
r = 0.5  
 
r = 1 
 
r = 1.5 

@ 5 MHz, PPKTP  

-12.7 dB 

squeezing 
parameter: 

 [T. Eberle et al., Phys Rev. Lett. 104, 251102 (2010).] 

(a) shot noise 

(b) squeezing 

(c) anti-squeezing 
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Squeezing Progress at 1550 nm 
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 [T. Eberle et al., Phys Rev. A, accepted (2011).] 
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The GEO600 Squeezed Light Source 
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Low-f Progress: Squeezing below 1 Hz 
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Progress on Long-Term Stability 
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Summary 

•  Only injected squeezing can reduce shot-
noise and radiation pressure noise 

•  “Mode control of squeezed vacuum is not 
critical.” Transients from the source are not 
expected. 

•  Progress on squeezed light lasers:            
12.7dB @ 1064nm, 5MHz                           
12.0dB @ 1550nm, 5MHz                   
~5dB @ 1064nm, <1Hz                    
~9dB @ 1064nm, 10Hz-10kHz for 20h  

       [R.S. et al., Nat. Comm. 1:121 (2010)] 
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