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SPDC typical setups

•Bulk crystal
•Type-II (or Type-I)
•Non-collinear
•Coupled in to single mode fibers for 
further manipulation
•Experimentally reported performance: 
~1000 detected pairs/s/mW
•Efficiency (coincidences/singles): ~30%

Early theory of SPDC: Klyshko, Kleinman, Mandel, Hong, Yariv, Siegman, Burnham, ... (mostly 70s and 80s)

Optimization of particular figures of merit (mostly efficiency) and spectral aspects: Castellato et al. (04, 05), Bovino et al. (03), Ljunggren et al (05), 
Kurtsiefer et al (01).
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Physical model
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Interaction Hamiltonian

ĤI = −2ε0χ(2)
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(t)â†ki
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Overlap integral
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since all waves in y-z plane

∆ky =?

∆kx = 0

can be neglected only when perfect transverse
phase matching, 

= Φz
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Physical interpretation

∆ϕ := Kl/2
Ξ :=

√
Hl/2Φz = l ·

1∫

0

du e−Ξ2u2
cos(∆ϕu)

can be interpreted as a “walk-off” parameter
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Ξ > 1 thick crystal Ξ < 1 thin crystal

Φz ≈ l

√
π

2Ξ
Erf(Ξ)

=
√

π

H
Erf(Ξ)

In particular collinear beams will satisfy:

θi = θs = 0

K = ∆kz

Φz = l sinc(∆ϕ)
The result does not depend strongly on 
the length of the crystal. In the limit of 
really long crystals there is no 
dependence.

Ξ→∞

Thick and thin crystal limits
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Emission rates

Emission into each spectral mode
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Total rate
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Optimal waist matching 

In the thin crystal limit and collinear emission we can find a closed 
analytical solution

R̃T =
4d2Plω2

p

9nsninpε0πW 2
p (ni − ns)c2
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Optimal waist matching 

In the thin crystal limit and collinear emission we can find a closed 
analytical solution

R̃T =
4d2Plω2

p

9nsninpε0πW 2
p (ni − ns)c2

Wp = Ws = Wiassumption 

Common alignment strategy 
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Optimal waist matching 
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Comparisons 

Type-II non-collinear SPDC for entanglement production

Experimental: 800 pairs/s/mW
Predicted maximum: 1100 pairs/s/mW

Wp = Ws = Wi = 82µm

Ξ = 0.93 }Absolute count rate

Total conversion efficiency from our model: 

3× 10−12mm−1 7× 10−8mm−1sr−1

Estimate of conversion efficiency from general 
arguments (Klyshko):

3× 10−8mm−1sr−1
}Total efficiency
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Conclusions 

•Simple closed expression for the absolute rate in “classic” SPDC setups

•Good agreement with existing experimental values

•Current configurations are nearly optimal

•There might still be something to gain from adjustment in the ratio of 
collection to pump mode beyond the

•Relates to recent work done for waveguides (Fiorentino et al. Opt. Exp.
15, 2007)

•More details to be found in PRA 77, 043834 (2008); arXiv:0801.2220v2

Wp = Ws = Wi
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Thanks!

14



imposing ...

normalization:
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relevant fields
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