HennHenHas guHammka qoOTOHOB
B KBAHTOBOW OMNTUKE

Anekcangp ConHueB 1 AHapen CyxopyKoB

School of Mathematical and Physical Sciences
University of Technology Sydney
Sydney, Australia

Nonlinear Physics Centre,
Research School of Physics and Engineering,
Australian National University, Canberra, Australia



Introduction: 1 to 2 photon conversion
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Single photon conversion

« produce heralded multi-photon entanglement

 create optically switchable quantum circuits

* Implement an improved form of down- ~ “’p“'“; —
conversion with reduced higher-order effects & o,

* generation of photon triplets
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» Effective Hamiltonian - -
in quadratic nonlinear media H =7ab’ ¢’ +7*a’bc

« Experimental realization with four-wave mixing
In Kerr-type (cubic) nonlinear media

H=vyab'c'd+y"a"bed’

* The fourth wave is a high-power coherent state, providing
effective quadratic nonlinearity with  pocyE
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Predict Rabi-like oscillation between single and biphoton states

V
W (t)) = cos(It)[100) +i—sin(/t)|011) 19 t T
0

Experimentally achieved /t~10""

How to improve efficiency?

Our work: nontrivial effect of frequency dispersion!



One and two-photon states
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Single input photon and biphoton states
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Evolution of one and two-photon states
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Single input photon and biphoton states

|l/)) = U(Z)a;(wp)|0) + [dQV(Q,z)af (ws)a] (w;)]0)

Coupled-mode Schrodinger—like equations for pump U(z) and
bi-photon V (Q, z) functions

v - honlinear susceptibility

dU -

R _Xf dQV(Q, z) + iﬁu(wp)U(Z), coefficient,

dz B, - the pump mode
dvV(Q, z) propagation constant in a

dz xU(z) + i'BV(wP' Q)V(Q' z) single waveguide,

, _ By - signal and idler mode
Conversion rate proportional to square propagation constant.

root of the biphoton bandwidth!



Analogy with decay to a continuum
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Exponential decay of one-photon state for linear dispersion
No Rabi oscillations!



Why no Rabi oscillations?

Rabi oscillations predicted in N. K. Langford, S. Ramelow, R.
Prevedel, W. J. Munro, G. J. Milburn and A. Zeilinger, Nature 478, 360-

363 (2011).
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Dispersion excluded from consideration, H=7%ab'c" +7*a"bc
assuming phase-matching regime

But photon conversion Is spontaneous process, goes to
states both at and near phase-matching!




Making dispersion more flat: quadratic shape

S. John and T. Quang,
“Spontaneous emission near the
edge of a photonic band-gap,”
Phys. Rev. A50, 1764 (1994).
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ldentify new regime of complete conversion
at finite propagation distance for optimal dispersion!



Complete photon conversion

Spectral biphoton
Intensity
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Complete conversion for cubic dispersion

Dispersion A = Q* —5Q+0.798
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Biphoton spectrum

Very high conversion at
longer distances
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More robust compared to
guadratic dispersion
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Outlook: towards complete 1 to 2 photon conversion

Highly nonlinear fiber or waveguide conversion @ pump photon
. channels
Design for broadband phase-
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Next step: use broadband control £

Iaser pL”SeS wp + wC — wS + wi — I-:requencydetuning

Antonosyan, Solntsev, Sukhorukov,
Opt. Comm. 327, 22 (2014);
submitted (2017)
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