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Agenda

• Applications: what do we need?

• Generation of photon pairs in SPDC

• Typical sources

• Description of a biphoton

• Measuring spectra of photons and biphotons



Applications we have in mind
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What do we need

a b

|1〉〉〉〉a|1〉〉〉〉b

p|1〉〉〉〉a|1〉〉〉〉b 〈1|a〈1|b+(1-p)|0〉〉〉〉〈0|



|1〉〉〉〉 photon

|1〉〉〉〉k Ec(x,t) =Σck exp(ik.x-iωt)

|              〉〉〉〉

|1〉〉〉〉c = Σck



Ultrashort pulse
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Ultrashort pulse in space
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Hong-Ou-Mandel effect
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Two-photon interference
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Nonlinear crystal

P = χε0E+ χ(2)EE+…



Nonlinear crystal



Generic case: 3WM

k3, ω3

k2, ω2

k1, ω1

k3⊥ =k1⊥+ k2⊥

ω3 =ω1+ ω2

Sprawność

∼[sin(∆k L/2)/∆k]2

L ∆k = k3z-k1z-k2z



Typical source configurations

Type I eoo



Typical source configurations

Type II eoe



Typical source configurations

Type II eoe



Typical source configurations

Type II eoe



Cavity

Type II eoe



Generic case: 3WM

k3, ω3

k2, ω2

k1, ω1

k3⊥ =k1⊥+ k2⊥

ω3 =ω1+ ω2

Amplitude

∼sin(∆k L/2)/∆k

L ∆k = k3z-k1z-k2z



match
Of the wavevectors - n≠const

E ~L
I ~ L2

Mis



Biphoton amplitude

〈ω1,k1⊥,ω2 ,k2⊥|out〉〉〉〉 =

Ap(ω1+ω2,k1+k2) sin(∆k L/2)/∆k

|ω1,k1⊥〉〉〉〉

|ω2,k2⊥〉〉〉〉

ω1+ω2, k1+k2



Spontaneous Parametric DownSpontaneous Parametric DownSpontaneous Parametric DownSpontaneous Parametric Down----ConversionConversionConversionConversion



BiBiBiBiphotonphotonphotonphoton

ψ(ω1,ω2)



Biphoton in bifiber

〈ω1,ω2|out〉〉〉〉 =

|ω1〉〉〉〉

|ω2〉〉〉〉

ω1+ω2, α1ω1/c+α2ω2/c α1

α2

〈ω1| ⊗ 〈u1(k1⊥)| ⊗ 〈ω2| ⊗ 〈u2(k2⊥)|out〉〉〉〉



Map

ω1

ω2
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ω2
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Amplitude

∼sin(∆k L/2)/∆k



Map

ω1

ω2

ω3

〈ω1,ω2|out〉〉〉〉

=Σ λj fj(ω1)gj(ω2)



What do we have

a b

Σ λj|1〉〉〉〉aj|1〉〉〉〉bj

|     〉〉〉〉⊗|     〉〉〉〉λ0

⊗|      〉〉〉〉λ1 |      〉〉〉〉

|      〉〉〉〉⊗λ2 |      〉〉〉〉



What do we have

a b

Σ λj|1〉〉〉〉aj|1〉〉〉〉bj

|     〉〉〉〉λ0
2

|     〉〉〉〉

|      〉〉〉〉+λ1
2

|      〉〉〉〉

|      〉〉〉〉+λ2
2

|      〉〉〉〉



Filtering

ω1
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ω3

|     〉〉〉〉⊗|     〉〉〉〉λ0

⊗|      〉〉〉〉λ1 |      〉〉〉〉

|      〉〉〉〉⊗λ2 |      〉〉〉〉



Map

ω1

ω2

ω3

〈ω1,ω2|out〉〉〉〉

=Σ λj fj(ω1)gj(ω2)



How to measure |〈ω1,ω2|out〉〉〉〉|2 ?

Monochromator

ω1

Monochromator

ω2

Y. Kim, W.P. Grice Opt. Lett. 30, 908, (2005)



How to measure |〈ω1,ω2|out〉〉〉〉|2 ?

τ1

τ2



How does it work?
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How does it work?
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How does it work?
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Interferogram
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Joint spectrum
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Experimental realisation



How about material dispersion?

x

p

x

p

x

p ~ cos(2ωx/c)+1 p ~ cos(2∆nωx/c)+1

x



How about material dispersion?

I

x

I

x

I ~ Σ Ι(ω) cos(2ωx/c)+1 I ~ Σ Ι(ω) cos(2∆nωx/c)+1

ω

Ι Ι





Optimal data collection
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Result



Theory



Comparision



Summary

• Classical properties of single photons can 

be measured using classical means

• We get certain diagnostic insight

• Fourier spectrometry is advantageous in 

IR

WW, P. Wasylczyk, P. Kolenderski, K. Banaszek, C. Radzewicz,

Opt. Lett. 31, 1130 (2006).




