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Non-classical polarization properties
of macroscopic light beams
In type 11 OPO below threshold
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*linear Heisenberg equatlons
TALGY, 1) =L, (A, AL A) +4/g Al
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Output far field correlations

Quadrature correlations

twin |
hotons e L< spatial EPR entanglement between quadratures of
P typel OPO extended
to type Il OPO neglecting walk-off and considering
o and e fidlds.

7' Spatial EPR entanglement in arbitrary
" guadratures-polarization components

> Walk-off effects

Intensity correlations (Stokes operators)

<t Microscopic polarization entanglement in PDC (low photon rate)

e Macroscopic polarization entanglement in PDC (high photon rate)
Alessandratalk

7 Macroscopic polarization entanglement in type |1 OPO below
threshold (twin beams). Walk-off effects.




Spatial EPR entanglement in quadrature-polarization components

» 1) Polarization selection (QG) with L ocal FF propertiesof A% (K)

wave retarder, polarization rotator, linear polarizer _ _
sclassical variance not homogenous

AGQ (R) = Al(_k) cosQ + Az (R)eiGSi NQ  .walk-off —» dependence on Q

_ Spatial correlations
o 2) Quadrature selection (Y)

AY'
by homodyne detection AGQ‘ (k )
AY (LY — A NaY L A+ (Lo iY .~
Ag(K) =Ag(k)e" +A(K)e AL (K)

_— V, (£k,w;F)
X, Y, quadraturesof twomodes j=1,2 . o
EPR F =[G,Q,Y , G,Q"Y "]

VH(AIB)= r@”v\(/?zj?) (=1 inseparability) 2@ TP/2, GG +p




Detection scheme unaffected by walk-off (ky:O)
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Detection scheme in the walk-off direction
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Detection scheme in the walk-off direction (b)

b) Q=0
The selected modes are
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Polarization far field local properties

Stokes operators
S(Kt)= ATKDAKD+AIK DA KL | +—
Si(k.t)= ALK, DA, (K, 1)- AJ(K DA K, L) |- —
S,(K,t)=  AI(K,DALK,)+ALK,DA K1) -7
és(E,t):-i[“;(E,t)A (K,t)- ALK DA, (K, t)] O-0O

D28, (K, t)D?S, (K, t') 3 ZK[él(E,t),éz(R,t')b dt- t)

= (8, v)|

|1 order polarization degree P,= —t
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Polarization entanglement

Correlations between opposite far field points S (+Kk, 1)
D, (k, k', W = ™ Sk, 1) +Si (k' ))(S.(k,0) + § (K',0)) )t
D, (k,k',W) = (‘)éW<(éj(k,t)- S, (k',1)(S (k,0) - éj(k',O))>dt (j=0,2,3)
(Gi(k,t) +S.(- k, 1)) = (S,(k,)- S (- k,1)) =0 (j=0,23)
FEEY+SCRODEEY- SR )2 (SR - §Ek))

EE—

dt-1)=0 S (-K,t)

D,(k,-K,0)=D,(k,-k,001 0 .D,: forr=1  :D,: forr=05
| F ky:O \ | - / \ =
D,(k,,-kK,,00=D,(k,,-k,,00=0) S00 0

perfect correlationsin ALL ~1.0 S B, I
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CONCLUSIONS

Vl) Spatial EPR entanglement in quadratures-pol arization components 7

When walk-off=0or for k,=0: amost complete noise suppression in the proper
quadratures difference of any ‘orthogonal’ polarization components N/

V 2) Walk-off effects? The variance of the guadratures difference of orthogonal
polarization components depends now on the reference polarization O, the

EPR correlations are reduced and the quadrature angle depends on

Vl) Local properties of the polarization in the far field: noisy Stokes operators
When walk-off=0 or for k =0 all the Stokes operators vanish on average

and fluctuations are not
sengitive to polarization optical elements.

‘7/2) M acroscopic polarization entanglement in OPO below threshold 7
When walk-off=0 or for k =0 perfect correlations in all the Stokes parameters
measured in opposite far field points.

[/3) Walk-off effects? The entanglement in the second and third Stokes
parametersislost in the far field regions affected by walk-off.




