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➢ Broadband energy-time entangled-photon pairs

(EPPs) are essential for advanced quantum

technologies, such as spectroscopy1, reaching

beyond classical limitations.

➢ They are commonly generated through

spontaneous parametric down-conversion

(SPDC) in nonlinear crystal, where their

bandwidth is limited by phase-matching

requirements.
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Δ𝒌 ≡ 𝒌𝑝 − 𝒌𝑠 − 𝒌𝑖 𝐿 − 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

➢ Metallic nanoparticles (NPs) are known for their

exceptional capability of light-matter coupling at

their localized surface-plasmon resonance

(LSPR).

➢ Strong second-harmonic generation (SHG) by

EPP interaction (EPPI) with NPs was suggested2.

➢ Optimizing NPs for detectable non-phase

matched SPDC (𝐿 ≪ 𝜆 ) requires classical-light

SHG characterization measurements.
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Silver nanocubes (SNCs) and nanotriangles (SNTs).

Samples were diluted and then embedded in polyvinyl-

alcohol (PVA) on a glass slide.

➢ Properties of EPPI or SPDC can be deduced from

classical-light SHG measurements performed using

our reference-free hyper-Rayleigh scattering

(RFHRS) method2, approximating the NPs as Hertzian

dipoles at the second-harmonic frequency.

➢ This method yields:
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➢ Here, 𝑉 is the interaction volume, 𝑟 the distance of

the collecting lens from the sample, 𝐶𝑚 (𝛽𝑚) and

𝐶𝑁𝑃 (𝛽𝑁𝑃) are concentrations (hyperpolarizabilities)

of the medium and the NPs, 𝑇𝑆𝐻 is the transmission

of the second-harmonic signal through the system, 𝜂

is the quantum yield of the SHG process, and 𝜎𝑐 is

the classical two-photon interaction cross-section.

Hyperpolarizability and two-photon interaction cross-

section3:

➢ NPs’ hyperpolarizability is in excellent agreement

with theory4 and previous reports5, a validity proof

of the RFHRS method.

➢ NPs’ effective nonlinear coefficient (𝑑𝑁𝐿) is much

smaller than crystals like BBO, but NPs are highly

tunable and the bandwidth of the EPPs is not

restricted by phase-matching.

➢ Linear dependence of the SH signal on NPs’

concentration, suggesting incoherent process.

➢ Dipolar emission pattern, polarization of EPPs will be

dictated by largest 𝜒 2 component.

➢ Hyperpolarizability shows clear dependence on NPs’

spectral features, thus tuning of LSPR wavelength is

critical for SPDC enhancement.

For SNCs we used an incident wavelength of

980 𝑛𝑚 corresponding to SH wavelength at their LSPR

peak, while for SNTs we used 940 𝑛𝑚 which

corresponds to SH wavelength at a local minimum of

their spectrum.
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