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Typell- Travelling Wave
Second Har monic Gener ation

Type|-SHG, P. Scotto & M. San Miguel, PRA 65,043811 (2002)
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Characterization:

-Spatial intensity distributions

depends -on the polarization of the pump at freq. w with different polarisations
-on the polarization of the image at freq. 200

Polarization degree of freedom important! —Quantum Noise behaviour




IMEDEA Propagation eguationsfor the
Sic Quantum fields

Ao' (2,0, Q) :Field amplitude op. associated with a wave with transv.
wave vector q, freq. w;+€, and longit. wave number kg (q,Q) (0=12,5)

j i Notation: J=(0,Q)
Pr opagatl on eq uations
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conservation of transverse momentum  Excess of long. momentum
and energy
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Linearization
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A A Y B i
nsatz As(2.0,Q) =0 ()A(Q)cy(2) + . d0(20 Q)
Strong clas.sical I (weak) input signal
Total fields = monochromatic fields + :

-+ :
ted by th | ions
SElcT |y il quantum fluctuations
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Propagation eq. for an input signal/quantum fluctuations

Into propagation eq.

0,3s(2,0) = +\/502(Z)e+iD1(C_I)Zé1(Z,cT) + \/Ecl (z)e+iD2(C_')Zé2(z,c_|)

3,8,(z,T) = ~ce()e” 21 @252 (7 -7) - V2 (e 'P1® 24, (2,7)

8,8, (2.q) = ~cs(2)e” 22 D25} (7 -7) - JV2¢] (297 P2 (D254 (2, 7)
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Relevant phase mismatch factors
Classical eq. of nonlinear optics for the strong homogeneous fields

Ak=k1+k2—ks

i IAK.z
faCsEhgen Doia) s =
0,01(2) = —c2)cg(2)e 1BK2 £y (@) = k(-G) + k(@) -kg ~ Cmission
0,C(2) = —CID( Z)cg(2)e 1Ak.z Dy(@) = k{*(@) + ko ~k§(@) freq.up/down
D, (@) = k; + k3(@) - k4(@) conversion

D}(§=0) = Dy(@ =0) =A@ =0) = 4@ =0) =&k
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(x-polarized image) L

bl Type Il phase matching:
1 no SH field generated since
—(0 | pumping only in one pol.

: Classical equations
Pumping = ¢,(0)=1 =>> (¢ ponlinear optics U220 c(2)=

cs(0)=0 cs(2)

Prop. eq. for quantum fields

d - ]
R R ) O, LA Dig) 4 D@z
as(z.9)= V2 smH 2+B@ z% 2 a4 ﬁ)+B: - 2+B@ ZE—I ” smH 2+B¥Bzz 2 45(0.9)
D@ s O Ut R o e T
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‘ Conversion of an x-polarized input image at freq. w up to freq. 2w
Up-Conversion Rate; n(zg)= <a5(z e q)> : q/ D(q ET J
(& 0aaod) e ET n 0
Colhnear phase matching Ak =k, +k, —ks =0 I : I
n(zg =1 ; | _ Class ?a
D(@)=0 8| optics'!
If: - g Ziz k) s Frequency addition
z=(2k+1)—= J— 2| 2\/— in the parametric
' 9 9 approximation




Quantum Novelties (5t

Characterize the noise behaviour of the optical device
 Improvement of image processing by appropriate tayloring of
quantum noise

Input-output transformation
.D(@)z

' a5za)=e 2 (r@a(0.a)+t@as(0.9))

Equivalent to the transformation performed
by a Beam Splitter !

: ; i Inputs a(0,7) i

1) Noisefigure F= SNR(input)/SNR(output) ! \A BS ¥ vacuum +—
1 | N :

F i R : a,(0,7) N a,(z0) !
| naq) ' coherent state t A\ |

Previous case of i T ik i

| «—F=1 partial up-convertion : as(z,q) OUtPUtS |

Input image \_/

2) Improvement: if input state at SH freq = squeezed vacuum with properly chosen

squeezed quadrature

Sgueezing the pump has no effect on the performance of the device!!!
(Pump field fluctuations decouple) 0,8,(2q)=00L & (zQq)=a,(0,Q)



Case 2: 45°- polarized pump

Collinear phase matching

=G (0) =1/ ‘/5 Classical equations 5 (Z) T 2 S
_>of nonlinear optics z20¢c, (Z) =sech(2)/42 SHG.
cs(z) = tanh(z)
y/\ é+(2 q): él(zaq)-'-éZ(zoq)
Prop.eq. New polarization basis o ‘EA _
........... > X i(z a):al(Z»Q)_az(ZaCI)
’ V2
y D@z, 1D (0)z AD(@z_,1D(0)z
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D D
SN (@7, 5miM(@)Z S ()2 _ il ()2 -iD@z 1D (@2
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0 0 0
S (@)Z_ i (0)Z SN ()7, 5miM(Q)Z . BiD@z_giD()z
: 048-(20)= -CS(Z)Efs 5 %(z,—q)ﬂs(Z)D ;e %(Zﬂ)—ﬁCF(Z)D 2e %s(z,ﬁ)
0 0 0 0 0

Smplification: assume that

D1(q) = D2(a) = D(@)
Ap(a) =82(9) =AQ@)

kP (@) + ko —k&(T) = ki +k3 (@) - k(@)
ﬁ k(@) + k3 (=) — ks = k{’(=q) + k5 (@) — ks

[ Condition exactly fulfilled for q=Q=0 |



IMEDEA @ Case 2: 45°- polarized pump

a(zd decouples from {4(20).45(z 0}

N e el YR g e e )
04 (20 =26 L%t | [FHVTTS 2

0,45(z0) =—C1(26 P D%, (z)

Type I OPA with z-dependent pump Type I SHG
(cs(z)= tanh(2))

Type Il SHG [a,,a,,a4] = Type I-SHG [a_,aq] * Type [-OPA [a ]

Similar to TW case without transverse effects: P. Kumar (1994)
Cavity-case (Z.Y. Ou, Phys. Rev. A 49 (1994), 4902)



|mplicationsfor Typell-SHG image processing
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Schematic represention Phase sensitivity
(symmetrical input)
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Schematic represention

Implicationsfor Typell-SHG image processing

Spatial behavior  Noise behavior
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r;: M EDEA@ | mage processing as a function of the polarisation @

__________ of the input image (Pump 45°) sl
_ - Field at freq.w
For sufficiently large crysta}: : S
almost no output with polarization + Arrows: direction: polarization
ransformation: modulus: amplitude
a_(q)a. (ﬁ} ~{a_(@)as(q) F=1 < SNR(Output)=SNR(input)
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il X -
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phase shift=1v2
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TW Typell SHG isinteresting for quantum image processing.

Pump y-polarized and image x-polarized

*Upconversion of the input image
*Conversion rate in general < 1 => Degradation of signal-to-noise ratio
BUT it is possible to enhance the performance by using nonclassical light.

Pump linearly polarized at 45°

*Image processing properties taylored by tuning the polarisation of the image

*Upconversion of input image

*AND noiseless amplification of input image in rotated polarisation

Outlook

Effects of - different parameters for ordinary and extraordinary polarization
- walk off

Other solutions of the nonlinear equations of classical optics

Cavity case: Ongoing investigations of the singly resonant case

Quantum treatment in the nonlinear regime



