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Experimental realization
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z

tot

⌘
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Correlation dynamics
(dissipation only)
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mŜ�

n , ⇢
o◆

f (|n�m|) = 1

(|n�m|+ 1)↵

f (|n�m|) = exp {� |n�m| /⇠}

1

SxS y

Sz

0 2
t

0.90

0.95

1.00

1.05

0

10 5 0 5 10
r

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

t

0

1

2

3

4

5

6

7

8
1e 3

SxS y

Sz

0 2
t

0.90

0.95

1.00

1.05

0

10 5 0 5 10
r

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

t

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
1e 2

(a) (b)

(c)

(d) (e)

(f)
SxS y

Sz

0 2
t

0.90

0.95

1.00

1.05

0

10 5 0 5 10
r

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

t

0

1

2

3

4

5

6

7

8
1e 3

SxS y

Sz

0 2
t

0.90

0.95

1.00

1.05

0

10 5 0 5 10
r

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

t

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
1e 2

(a) (b)

(c)

(d) (e)

(f)

⌦0 � ⌦↵ 6=0

⌦0

!0

!g,n � !g,m = !� � !0

⌦�=|n�m|

!�=|n�m|

/ ⌦0⌦�=|n�m|

⌦� = f (�)

f (|n�m|)

⇢̇ = ̃

X

n,m

f (|n�m|)
✓
Ŝ
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Correlation dynamics
(dissipation + coherent uniform external field) Ĥ = !F (cos'Ŝ

x + sin'Ŝz)
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mŜ

�
n , ⇢

o◆

f (|n�m|) = 1

(|n�m|+ 1)↵

f (|n�m|) = exp {� |n�m| /⇠}

+i

h
⇢, Ĥ
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Collective spin squeezed states
Ma et al. PRL (Physics Reports 509 (2011) 89–165)
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mŜ

�
n , ⇢

o◆

f (|n�m|) = 1

(|n�m|+ 1)↵

f (|n�m|) = exp {� |n�m| /⇠}

C
zz (r, t) =

D
Ŝ
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Ŝk =
X

n

e
�iknŜn
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Finite wavevector squeezing

Finite wavevector squeezing 
parameter
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+
m � 1

2

n
Ŝ
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Bloch sphere,              quantifies 
entanglement enhanced precision 
when sensing a spatially varying field

⌦0 � ⌦↵ 6=0

⌦0

!0

!g,n � !g,m = !� � !0

⌦�=|n�m|

!�=|n�m|

/ ⌦0⌦�=|n�m|

⌦� = f (�)

f (|n�m|)

⇢̇ = ̃

X

n,m

f (|n�m|)
✓
Ŝ
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|hes · Ŝtoti|2
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Ŝ
z
n+r (t)

E
(1)

+i

h
⇢, Ĥ
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⌘

|hes · Ŝtoti|2
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