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Squeezed State

Quantum Fluctuations in Light field:
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Squeezed Vacuum State
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Polarization Self-Rotation
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Polarization Self-Rotation
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A.B. Matsko et al., PRA 66, 043815 (2002):
theoretically prediction of 4-6 dB noise suppression
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Magnetic Shield
Rb Cell
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SMPM fiber - single-mode polarization-
maintaining fiber

A/2 - half-wave plate

GP - Glan-laser polarizer

PBS - polarizing beam splitter

PhR - phase-retarding wave plate

BPD - balanced photodetector
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Development of Squeezing in atomic vapors
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Self-(de)focusing

Gaussian beam Yortex beam
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defocusing is irrelevant to
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Spatial structure of beam after interaction
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Spatial Mask — Sharp Edge
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Laguerre Gaussian modes

Guoy Phase ¢(z) = arctan (i),
ZR
has a 1 shift across the focus
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Spatial Mask — Ring Mask
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Spatial Mask — Circular Mask
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Possible composition of beam

Instead of sending in higher LG modes, we might be
generating them.
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Q : How Many Modes Should We Add?
: 5.
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An analysis reveals we must keep up to p=5 in our superposition.
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Evolution of multimode beam
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Fixed Iris Size
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Fixed Transmission

Min Ncise Level (dB)

Min Noise Level (dB)

L Mask

Beam

M
Coliimated

e

Collimated
Beam

""""

 W— R
¢=_=>|-

40 0 10
Position of Iris (cm)

220

Transmission = 70%

Position of Iris (cm)

00 0 10 20

IR2Z) _
1(0.2) x

Intensity at Edge of Iris:

wy

0.90

072

Guoy Phase ¢(z) = arctan (Zi),
R

has a 7t shift across the focus

2

Gouy Phase




Acknowledgment

Quantum Optics at William&Mary (from left to right):
Irina Novikova, Eugeniy Mikhailov, Ashna
Aggarwal, Kelly Roman, Owen Wolfe, Haley
Bauser, Mi Zhang, Ellie Radue, Hunter Rew,
Wengqing Zhao, Gleb Romanov, Matt Simons

4

N
N
N

7
Z
Z
Z
Z

W)

) X
28 | J o\

i

e |\ R e

R. Nicholas Lanning |

s



Conclusion

* We generated a squeezed vacuum state from
polarization self-rotation.

* The squeezed vacuum state consists of high order
Laguerre Gaussian modes with different squeezing
parameters.



