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1. INTRODUCTION 
Nano-optics lab at Victoria University 
T-matrix projects, lattice resonances, plasmonic chirality, … 

2. ABSORPTION IN CORE-SATELLITE NANOSTRUCTURES 
Generalised coupled-dipole model for core-satellite nanostructures. 
Nanoscale, 2023
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PRESENT / NOT YET FORGOTTEN RESEARCH INTERESTS

PLASMONIC CHIRALITY
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2D ARRAY: LATTICE RESONANCES





100 nm

(a)

Au

Dichroïsme
circulaire

Absorbance

ω
LCP /
RCP

(b)

50 nm 20 nm

(c) (d)

3D: PLASMONIC CHIRALITY

mimicking “exciton coupling”

ABSORBANCE

CIRCULAR DICHROISM
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Angew. Chem. Int. Ed. 50 (2011) 
J. Phys. Chem. Lett. 2 (2011) 
Nano Today 6 (2011)





THE PROBLEM WITH SPHEROIDS

JQSRT 113 524–535 (2012)  



SMARTIES https://github.com/nano-optics/smarties



SMARTIES



LONG WAVELENGTH APPROXIMATION

Taylor expansion of T (x3) • Phys. Rev. A 99, 013853 (2019) 

Generalised radiative correction • Phys. Rev. A 87, 012504 (2013) 
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LOCAL DEGREE OF OPTICAL CHIRALITY

Phys. Rev. B 103, 115405 (2021)



ANALYTICAL AVERAGING, BUT…

Be careful what you wish for?



ORIENTATION AVERAGING BY SPHERICAL CUBATURE

Mater. Adv. 3, 1547–1555 (2022)  
JQSRT 286, 108197 (2022)



RAYLEIGH HYPOTHESIS Opt. Exp. 27 35751 (2019)  
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ABSORPTION OF AU@PD PHOTOCATALYSTS

ACS Energy Lett. 5, 12, 3881–3890 (2020)



LOCAL ABSORPTION IN AU@PD NANO-TRIMERS



50 nm

Au@Pd Au@AuPd Au–Pd Au–Au@Pd

M. Herran, A. Sousa-Castillo, C. Fan, S. Lee, Wei Xie, M. Döblinger, 
B. Auguié and E. Cortés · Adv. Func. Mat. 32, 2203418 (2022)



MODELLING AU–PD CORE-SATELLITE STRUCTURES

50 nm N=20TEM "model"



ELECTROMAGNETIC INTERACTIONS BETWEEN MOLECULES 
SURROUNDING A METALLIC SPHERE



EXPERIMENTAL BACKGROUND: 
UV–VIS SPECTROSCOPY OF TURBID SAMPLES
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Modi!ed optical absorption of molecules on metallic nanoparticles 
at sub-monolayer coverage – Nat. Photon. 10, 40–45 (2016)
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MODIFIED COUPLED-DIPOLE EQUATIONS

‣ Sphere-mediated coupling Sij 

‣ Self-reaction (“image” dipole) Sii 

‣ Additional excitation from 
sphere-scattered field ESPH

<latexit sha1_base64="QmydE40KGrLGfWMS76i4JMjipNg="></latexit>

<latexit sha1_base64="zXKM9g7ASPuGGBd8bQnKKUCUfaA="></latexit>

pi

pj



COUPLED DIPOLES AROUND A NANOSPHERE
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FURTHER STEP: ANISOTROPIC EFFECTIVE MEDIUM

α

ε



ANISOTROPIC EFFECTIVE MEDIUM FOR DYE SHELLS

C. Tang, B. Auguié and E. Le Ru · Phys. Rev. B 103, 085436 (2021) 
· · · · · · · · · · · · · · · · · · · · · · · · · · · Phys. Rev. A 104, 033502 (2021) 
· · · · · · · · · · · · · · · · · · · · · · · · · · · J. Phys. Chem. C, 126, 24 (2022)



COMPARISON OF SIMULATION METHODS

Superposition T-matrix Generalised coupled-dipole

Boundary element method Effective medium + Mie

TERMS



VALIDATION: FIXED INCIDENCE, SINGLE SATELLITE
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DIPOLE APPROXIMATION VS EXACT RESULTS



EFFECT OF SATELLITE CONCENTRATION

differential absorption (/satellite) total absorption
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STRENGTHS AND WEAKNESSES

METHOD ACCURACY TIME SCALING DETAILED INFO

TERMS   
(T-matrix) ✔ ✘ ✘ ✔

SCUFF 
(surface int.) ✔ ✘ ≈ ✔

GCDM 
(coupled dip.) ✔ ≈ ≈ ≈

Mie ≈ ✔ ✔ ✘

!"#$
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