
http://ifisc.uib-csic.es - Mallorca - Spain

IONS-5
19/02/2009 BARCELONA

CONTROL OF SPATIAL QUANTUM 
FLUCTUATIONS USING PHOTONIC 

CRYSTALS

 MARIA MORENO, DAMIA GOMILA and ROBERTA ZAMBRINI

funding by: 
‘Quantum light in microdevices’

‘Quantum effects in complex systems’   



http://ifisc.uib-csic.es - Mallorca - Spain

Control of spatial quantum fluctuations using photonic crystals

OUTLINE

1. INTRODUCTION: 
- QUANTUM STATES OF LIGHT
- NON-LINEAR SYSTEMS
- PHOTONIC CRYSTALS

2. DESCRIPTION OF THE MODEL AND 
METHODOLOGY

3. MAIN RESULTS

4. CONCLUSIONS AND OUTLOOK



http://ifisc.uib-csic.es

Control of spatial quantum fluctuations using photonic crystals

QUANTUM STATES OF LIGHTQUANTUM STATES OF LIGHT

QUADRATURE 

SQUEEZING
(EPR)ENTANGLEMENT

SPATIAL AND TEMPORAL 
ANTIBUNCHING  

t

classical

random

quantum

Coherent states
(LASER) MATTER

QUANTUM 
STATES



http://ifisc.uib-csic.es

Control of spatial quantum fluctuations using photonic crystals

NON-LINEAR SYSTEMSNON-LINEAR SYSTEMS

SPONTANEOUS PATTERN FORMATION 

http://www.uni-muenster.de/Physik

HIGHER ORDER POLARIZATION: 

RESPONSIBLE OF NON-LINEARITY BY COUPLING DIFFERENT WAVES

P = χ E+χ2 E 2 χ3 E 3 . ..
  Lugiato, L.A. & Lefever, R   PRL 58  (1984)

http://www.uni-muenster.de/
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http://ab­initio.mit.edu/index.html

PERIODICITY of n:  
 BAND-GAP for photons

PERIODICITY of CRYSTAL:  
BAND-GAP for e-

movement of e- in a semiconductor light in a photonic crystal

PHOTONIC CRYSTALSPHOTONIC CRYSTALS

http://ab-initio.mit.edu/index.html
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WE CONSIDER A DEGENERATED 
TYPE I OPO EMBEDDING A 

PHOTONIC CRYSTAL 

CAN WE CONTROL SPATIAL QUANTUM 
FLUCTUATIONS AND CORRELATIONS?
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Optical Parametric Oscillator 
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DESCRIPTION OF THE MODELDESCRIPTION OF THE MODEL

Degenerated TYPE I Optical Parametric Oscillator  

PARAMETRIC DOWN 
CONVERSION

0 -k

k

DEGENERATED

PUMP: 
ordinary 
polarization

SIGNAL and IDLER:
extraordinary 

polarization
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Degenerated TYPE I Optical Parametric Oscillator with
 Photonic Crystal
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METHODOLOGYMETHODOLOGY

REPRESENTATIONS OF QUANTUM STATES OF LIGHT

MASTER EQUATION for 
an open system 

a

from bosonic operators to phase space

depending on ordering

normal

 anti-
normal

FOKKER-PLANCK 
EQUATION

in Q 
under some 

approximations
(non-linear system)

 STOCHASTIC 
DIFFERENTIAL 

EQUATION WITH 
QUANTUM NOISE 

SUITABLE TO 
NUMERICAL 

SIMULATIONS

Yuen & Tombesi, Opt. Commun. 59, 155 (1986) and  Zambrini & Barnett PRA 65, 053810 (2002)

LANGEVIN
EQUATION
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DESCRIPTION OF THE MODEL AND DESCRIPTION OF THE MODEL AND 
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KEY CONCEPTS
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DESCRIPTION OF THE MODEL AND DESCRIPTION OF THE MODEL AND 
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I0=0.0

Gomila, Zambrini, Oppo  92 PRL (2004)     Gomila, Oppo, PRE 72, 016614 (2005)

MAIN RESULTSMAIN RESULTS

CONTROL OF INSTABILITIES THRESHOLD WITH 
PHOTONIC CRYSTALS

Control of spatial quantum fluctuations using photonic crystals
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MAIN RESULTSMAIN RESULTS

CONTROL OF PATTERN FORMATION THRESHOLD
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MAIN RESULTSMAIN RESULTS

QUANTUM CORRELATIONS
FAR FIELD

EPR 
entanglement

between k
c 
 and -k

c 

 without photonic crystallog<I
signal

 >

Below threshold Above threshold



http://ifisc.uib-csic.es

Control of spatial quantum fluctuations using photonic crystals

MAIN RESULTSMAIN RESULTS

MULTIMODE SPATIAL
SPECTRUM

QUANTUM CORRELATIONS

log<I
signal

 >  WITH PC

SQUEEZING
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GENERALLY 
PRESERVED 

We look for 
More complex superposition of modes

Effects of spatial locking

kPC=
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CONCLUSIONS
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THANK YOU!

- Photonic Crystals in OPOs allow to tune the parametric threshold
 

  - Squeezing between k
c 
 and -k

c 
 generally preserved when embeding 

Photonic Crystals

IN PROGRESS
- Explore role of wavelength and amplitudes of PC

- Two modes squeezing and EPR entanglement
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