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Individualplasmonicnanoresonators

inspectedresonators:

core-shell: 
CS

nanorod: 
NR

geometry:
as alr1

r2

r1: coreradius
r2: outer radius
r2-r1: shellthickness
r1/r 2: aspectratio
r1/r 2: GAR

al: longaxis
as: short axis
al/as: axisratio

material:
core: silica(Cauchy)
shell: gold(J&C) 

rod: gold(J&C)

Interaction in 
dense media

plasmonresonance:
collectiveoscillation
NFE & radiative & 
nonradiativeloss

CS NR

geometrytuning
=> optimization

impactof medium&
material parameters

X. Huang et al: Adv. Mater. 21(48) (2009) 4880
I. Pastoriza-Santozet al: Nat. Rev. Mater. 3 (2018) 375

E. Prodan et al: Science 302 (2003) 419
F. Tam et al: J. Chem. Phys127 (2007) 204703

GAR AR

Databases



Individualplasmonicnanoresonators

method:
Total-Field-Scattered-Field

- Primary objective function: high absorptance(large NFE and energy deposition)
- resonance at 795 nm central wavelength of short-pulse

a priori advantages:

-orientation independentACS
-lightening rod effect
-experimentally feasible

two resonantGARs
thin shell=>largeACS

orientationdependentACS
oriented NR & TRI=> largeACS

connectionbetweenindividual NPACS and NP distribution absorptancein target: h = Ҏ́ACS

optimalgeometry: r1/r 2 = 25.5 nm/30 nm al x as = 25 nm x 75 nm (available)

ACSof optimal: 2.97x10-10 cm2 2.75/1.36/0.002/0.758Ҏ10-10 cm2 

(0ϲ/45ϲ/90ϲ/averaged random)

Thicknessdependentresonant
side-length:
L=81 nm; t=10 nm
L=111 nm; t=20 nm



Au

Ag

local maxat 795 nm globalmaxat 795 nm

local maxat 795 nm globalmaxat 795 nm

R=17.1 nm R=22.9 nm

R=20.3 nm R=26.5 nm

l=720 nm l=795 nm l=795 nm l=885 nm

l=705 nm l=795 nm l=795 nm l=890 nm

Core-shellmultishells(McPeakdatabase) 

|Hz|

Enorm

|Hz|

Enorm

|Hz|

Enorm

|Hz|

Enorm

max=42.44
avg=9.94

max=25.53
avg=9.67

max=43.53
avg=9.81

max=37.12
avg=17.72

max=36.53
avg=8.22

NFE=26.72
avg=11.22

max=35.78
avg=7.96

max=36.59
avg=18.28

max: maximalNFEin the simulationdomain
avg: averageNFE aroundCSon the outsidemetal shell



Longer Antennae ςfor longer wavelengths

Lasers exists: 3000 ς12000nm
Advanced Laser Light Source (ALLS) | LaserNetUS

https://lasernetus.org/facilities/advanced-laser-light-source-alls


Near-field enhancement of nanoresonators(individual->dimer, passive)

ÅNFE map of dimer systemwith gap=6.8 nm 

f 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
volume fraction 0.2% 1.1% 2.3% 3.8% 5.9% 8.9% 18.4% 50.2% 100.0%

In what proportion of the surrounding (thiol) volume is the criterion NFE > NFEmaxҎf met?:

NFE on multislice NFE in volume

NFE: in tiol

SS



decaylength
(1/e):
~ 7.6 nm

decaylength
(1/e):
~ 7.7 nm

gap= 8.6 nm
NFEavg[surface]=13.2
NFEmax[surface]=65

gap= 2.2 nm 
NFEavg[surf]=15.8
NFEmax [surf]=250 decay: 

over 1.1 nm to 93%
decay: 
over 4.3 nmto 72%

Near-field enhancementof nanoresonators(individual->dimer, passive)

NFEavg: on goldsurface

Volume corresponding to shell with decay length-scaled (NFEavgҎ1/e) thickness 



gap= 2.2 nm 
NFEavg[surf]=15.8
NFEmax=250

NFE>NFEavg[surf]Ҏ0.93
V=7.2Ҏ10-24 m3

NFE>NFEmax[surf]Ҏ0.93
V=2.7Ҏ10-27 m3

monomer
NFEavg[surf])=13.0
NFEmax=25

NFE>NFEavg[surf]Ҏ0.93
>V=2.1Ҏ10-23 m3

NFE>NFEmax[surf]Ҏ0.93
>V=2.0Ҏ10-25 m3

Å Q: How largeis the volume, in which NFE remains above the avgNFEҎ0.93 ė
NFEmaxҎ0.93 criterion is met?

Near-field enhancementof nanoresonators(individualėdimer, passive)

NFEavg: on goldsurface
Volume corresponding to shell with decay length-scaled (NFEavgҎ1/e) thickness 



maxNFE around
YǊƻƽƳƛǳƳ

r = 5 nm YǊƻƽƳƛǳƳsphere

NFEkroo=57.0 NFEkroo=21.6

25x87 nm Ag(McPeak) nanorod, alignedTFSF 

NFEavg: 33.4x

NFEmax: 94.3x

NFEmin: 13.1x

E/E0 = 42.6

E/E0 = 45.4

E/E0 = 70.4

previously:

NFE: maximum in full model
(sameasmaximum in tiol)

Adding reactive materials to plasmonicantennae



E/E0 ~47

l=795nm

with corr

L = 93nm, d = 10 nm, r = 10 nm

1 nm Kroomiumlayer
L = 87 nm, d = 10 nm

E/E0~30

E/E0~9.6

1/3.1x

Silver

Silver triangularnano-objects(McPeakdatabase, with correction)

l=795nm

l=795nm

RKroo=4.5 nm 

L = 89 nm, d=10 nm, r = 10 nm

with corr

L = 93nm, d = 10 nm, r = 10 nm

E/E0~30

Silver

l=795nm

1/0.6x continuousisland

NFE: maximum in full model
(sameasmaximum in tiol)

Demonstration of coupled particles advantage against thin layer



Near-field enhancementwith individualAg plasmonicnanoresonators
coupled withKroomiumnanoparticles

E/E0~17.9
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core-shell

E/E0~58.7

E/E0~24.0

E/E0~33.9

E/E0~20.5

R = 1 nm R = 5 nm

nanorod

E/E0~42.6

E/E0~112.0

E/E0~57.0

E/E0~45.4

R = 1 nm R = 5 nm

R = 1 nm R = 5 nm

R = 5 nm

triangle

E/E0~30

E/E0~47

E/E0~105.2

R = 10 nm

R = 5 nm



Nanoparticleheatingin COMSOL Heattransfer+ RF module

electricfield map

heatmap

instantaneouspower-loss
/ energymap

20 ns

120 fs

pulseintensityvstime: temperaturevstime:

shorterpulseheatsup the particlequickly
decayis significantly slower comparedto rate of heating

symmetricheatingand cooling
(nanosecond timescale)



NF-c 
near-field 
amplifier

!ƴŘǊłǎSzenes, 5łǾƛŘVass , .ŀƭłȊǎ.łƴƘŜƭȅƛand ałǊƛŀCsete: Nanomaterials 11 (2021) 1322
ά!ŎǘƛǾŜ LƴŘƛǾƛŘǳŀƭ NanoresonatorsOptimized for Lasing and SpasinghǇŜǊŀǘƛƻƴέ

Active individual nanoresonators

NF-c* 
spasing

MG-type coated NR
DMG-type coated CS

SS



D. Vass, A. Szenes, B. B§nhelyi, M. Csete: ĂIndividual plasmonicnanoresonatorsfor lasingandspasingñ, 
FIO OSA conference, October17-20, 2022, Rochester, New York, USA

largestoutflow

largestlocal E-field

minimalspaserthreshold

Nanolasers

largest| ECS| -> ECS<0

DMG-type CSMG-type NR GMG-type CS



Near-field amplifier, nanolaser& spaser

GMD=gain-metal-dielectric GMG=gain-metal-gain

Local E-field Opticalcross-sectionOpticalresponse

GMD

GMG

D. Vass, A, Szenes, P. Z. Nagy, B. .łƴƘŜƭȅƛ, M. CseteΥ ά[ŀǎƛƴƎ ŀƴŘ spasingwith active individual 
core-shell plasmonicnanoresonatorsάΣ hǇǘƛŎǎ ŀƴŘ [ŀǎŜǊ ¢ŜŎƘƴƻƭƻƎȅΣ нлнрΣ όмфоύ ммпнрмΦ 
https://arxiv.org/abs/2404.12714, https://doi.org/10.1016/j.optlastec.2025.114251.

e n NFE

ACS OCS OR

IQE& EQE



Five types of nanolasers& spasers
Near-field amplifying nanolaser: NFEl Far-field emitting nanolaser: FFlECST-type GMD & GMG nanoresonatorsNear-field amplifying spaser: NFEs Far-field amplifying spaser: FFs

Eavg Emax ECS outflow IQE EQE

NFE OCS OR ORNFE



Two counter propagating pulses=> 
integration through
~240 fs maximum at target middle
~360 fs maximum leaves target
~480 fs pulse tail leaves target

complete unit cell ė completetarget

quarter unit cell: due to in-plane mirror symmetry

layer_A
7db

layer_B
10db

layer_C
17db

layer_D
25db

layer_E
17db

layer_F
10db

layer_G
7db
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half-length due to mirror symmetry along target

Steady-stateand time-dependentoptimization

0 fs

120 fs

240 fs*

360 fs

480 fs

Å A target length ė optical path determined by pulse-length: cҎt=nҎh.

Å c=3Ҏ108 m/s, t=120 fs, n(795 nm)=1.466=>1.53, h=20.87 mm = 21 mm

Å Absorption determined based on Lambert-Beer law:

Å I=I0Ҏe
-ax, e.g. dyea=4pk/l& e.g. nanoresonatora=ACSҎr Thermal relaxation on significantly longer time-scale

E-field: 1/e Intensity: 1/10



Energy ςpower loss and their densities in nanoresonatorsin passive media

ÅXėrXtendencies modify due to normalization by the volume (total particle volume differs in layers)

ÅEėPtendency in energy and power-loss (and in densities) differ due to light energy in non-lossydielectric

Å 0ėt integrated values and differences between layers increases by increasing time until the pulse tail leaves the target

instantaneous integrated

energy

power
loss

-symmetricto ~240 fs

-maxima in time 
tA&G< tB&F<tC&E<tD

Quantities normalization-> 
E & P/Vparticle_in_specific_layer E rE

P rP
Gaussian number density distribution, non-symmetrical



Distributionsoptimizedto balance A in steady-statein passive media

optimalcore-shellND distribution:

ʰҐмнпл cm-1

=ɻ0.014
total absorptance=0.926

=h389.3 cm-1

=ɻ0.160
total absorptance = 0.558

ʅ=93 NP

ʅ=126 NP

average deviation of random location distributions =>
deviation in representative number distributions

Absorption distribution

optimalnanorodND distribution:



optimized

adjusted

optimized

adjusted

layer_A: 8 layer_B: 8 layer_C: 12 layer_D: 16 layer_E: 12 layer_F: 8 layer_G: 8

layer_A: 7 layer_B: 8 layer_C: 8 layer_D: 25 layer_E: 8 layer_F: 8 layer_G: 7
N=72

N=71

E= 8.41x10-27 J
=ɻ0.387

É= 3.28x10-5 J/m3

=ɻ0.541

E= 7.79x10-27 J
=ɻ0.048

É= 3.30x10-5 J/m3

=ɻ0.300

Aavg= 0.846

ahvg= 892 cm-1

aɻvg= 0.102

A = 0.866
=h 958 cm-1

=ɻ 0.093

Aavg= 0.896

ahvg= 1094 cm-1

aɻvg= 0.412

A = 0.911
=h 1152 cm-1

=ɻ 0.092

number absorptance energy energy density

Adjustment

-A increases, dA might be preserved

-E slightly decreases, dEorder of magnitude smaller
-dE~0.5ҎdA
-spectral peak: same position, narrower

Distributionsoptimizedto balance E in time-domainin passive media

energy energy density

M. Csete, A. Szenes, E. ¢ƽǘƘ, D. Vass, O. Fekete, B. .łƴƘŜƭȅƛ, T. S. 
.ƝǊƽ, L. P. Csernai, N. YǊƻƽ:  Plasmonics(2022) 17
α/ƻƳǇŀǊŀǘƛǾŜ ǎǘǳŘȅ ƻƴ ǘƘŜ ǳƴƛŦƻǊƳ ŜƴŜǊƎȅ ŘŜǇƻǎƛǘƛƻƴ ŀŎƘƛŜǾŀōƭŜ 
via optimized plasmonicnanoresonatorŘƛǎǘǊƛōǳǘƛƻƴǎά


