




0.996 0.998 1.000 1.002 1.0040.996 0.998 1.000 1.002 1.004

6

4

2

0

8

10

6

4

2

0

8

10

PS
D

 (d
B)

PS
D

 (d
B)

1.000 1.002 1.004 1.006 1.008
/ mω Ω

/ mω Ω / mω Ω

π/ 4

1.010 1.012 1.014 1.016
0

10

20

30

40

PS
D

 (d
B)

1.008 1.010 1.012 1.014 1.016

0.8

0.6

0.4

0.2

0.0

−0.2

−0.4

40

30

20

10

0
0.9996 0.9998 1.0000 1.0002 1.0004

Unsqueezed drive
Phase squeezing
Amplitude squeezing

X

Y

X

Y 3π/ 4

X

Y
d

a b c

e

�

C r

C

4.0

3.9

3.8

3.7

 c
oo

pe
ra

tiv
ity

on
 o

cc
up

an
cy

103

102

10−2 10−1 100 101 102
101

102

103

Cooperativity

To
ta

l n
oi

se
 (p

ho
no

ns
)

Unsqueezed drive
Phase squeezing
Amplitude squeezing

Imprecision limits

(perfect detection)

X

Y

a

b c



0.0 0.5 1.0 1.5 2.0 2.5

2.5

2.0

1.5

1.0

0.5

0.0

Measured r (homodyne detection)

M
ea

su
re

d 
r (

op
to

m
ec

ha
ni

cs
)

0
−2

0

2

4

6

8

10

12

14

16

18

20

SNL

ππ/ 5 2π/ 5 3π/ 5
 + θ φ

4π/ 5 6π/ 5

Q
ua

dr
at

ur
e 

no
is

e 
po

w
er

 (d
B)

(m
ec

ha
ni

ca
l m

ea
su

re
m

en
t)

−1.0

0.0

1.0

0.5

−0.5

π 11π/ 109π/ 10

SNL

0.3

2.5

b

a

Theory
OM measurement

0.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

1.0

10 100

de
t

O
M

η

Cooperativity

c

r

r
r

C



306,

88,

95

82,

49,

86,

339,

344,

116,

96,

471,

4,

65,

1,

88,

52,

73,

527,

209,

106,

79,

112,




