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Individualplasmonicnanoresonators

core-shelt nanorod
CS NR
plasmonresonance
_ collectiveoscillation
inspectedresonators NFE& radiative &
nonradiativeloss
Aas H
: al \ geometrytuning
geometry. & _/J =>optimization
r,: coreradius a: longaxis a
r,: outer radius ag shortaxis g
r,-r,: shellthickness a/ag axisratio

r,/r,: aspectratio

r/ro: GAR

material:

core: silica(Cauchy)

rod: gold (J&C) impactof medium &

shelt gold (J&C) material parameters

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

Interaction in
dense media

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

- Primary objective function: highbsorptancglarge NFE and energy deposition)
- resonance at 795 nm central wavelength of shoutse
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Coreshellmultishells(McPeakdatabase
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Longer Antennae for longer wavelengths
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https://lasernetus.org/facilities/advanced-laser-light-source-alls
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Nearfield enhancement ohanoresonatorgindividuat>dimer passive

ANFE map afimer systemwith gap=6.8 nm

NFEon multislice NFE involume

In what proportion of the surrounding (thiol) volume is the criterldRE NFE Ff met?:
NEE: irtiol 0.9 0.8 0.7 0.6 0.5 0.4 0.3

volume fraction 0.2% 1.1% 2.3% 3.8% 5.9% 8.9% 18.4% 50.2% 100.09



Nearfield enhancemenbf nanoresonators(individual>dimer passive

gap= 8.6 nm gap= 2.2 nm
NFE,,[surfacg=13.2 NFE,,[surf]=15.8

NFE, [surfacd=65 decay NEE. . [surfl=250 decay
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0 4 /
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Nearfield enhancemenbf nanoresonatorgindividuae dimer, passive

A Q:Howlargeis the volume, in which NFE remains above tngNFE0.93é
NFEmak0.93criterion is met?

NFENFE\/Q[SUH-] m93 NFENF%&)ISUH:] m93 Emonomer v NE’?ILOHOFHBF
>\V/=2.1PF1023 m3 SV=2.(RL025 m3 2.4 _ v |---dimer [T ~---dimer 10
PN monomer
/ NFE,,[surf])=13.0
NFE =25

absorption cross section (10™ m?)
volume (10’ m?)

NFENFE,Jsurfl P0.93 NFENFE,,[surf] F0.93
V=7.210%m? V=2.7P102" m3

| H\ ” gap= 2.2 nm wavelength (nm)

234

= NFE,,[surf]=15.8
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} ") 226

Volume corresponding to shell with decay lengtaled NFE, Fl/e) thickness
NFE,,: on goldsurface



Adding reactive materials olasmonicantennae E/E, = 42.6

L L

NFE,,,=57.0 NFE,,.=21.6
maxNFEaround
r=5nmY NB 5 Ysphez¥ YNB s YA dzY
e I NFE,.: 94.3x
| E/E =70.4
N NFE,; 33.4X

NFE: maximum ifull model

25x87 nmAg(McPealk nanorod alignedTFSF (sameasmaximum intiol)

NFE,: 13.1x




Silvertriangularnano-objects(McPeakdatabasewith correction)

Silver Silver
with corr with corr
L =93nm, d =10 nm, r = 10 nm L =93nm,d =10 nm, r=10 nm

with correction 795 nm

3.5
|——Ag: L =93 nm without kroomium
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NeaFrfield enhancementvith individualAgplasmonicnanoresonators
coupled withKroomiumnanoparticles

core-shell nanorod triangle

E/E~17.9

without Kroomium

E/E~58.7 E/E~33.9 E/E~45.4

with attached
Kroomium

E/E~24.0

with Kroomium
island
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Active individuahanoresonators

NF-NR-c _NF-CS-c

6 ™ NF-NR-c NF-CS-c it NF-NR-c__ NF-CS-
S average i B “ Tlabsorptance in gold — E = 1¥10° Vim  —o— ——
S 5-{maximum R 1.4]/absorptance in gain —— — 8751 & _410° Vim _._‘
by . - pump
N F.C 5 ° norm. power outflow ? 6501 £ =5x10° Vim |
T 44 o 10 P ‘pump |
f- Id £ §_ T 6.25
- 5 @ 0.6 H
nearfield & :
I f o T 02 8575
amplifier £ ! 5>
w o -0.24 — g.5.50-
— \—‘
©
38 -0.6 52
5.00 T T
-1.0 T T T T v 680 700 720 740 G_ d
o % i & & @ e ength (o MG-type coated NR
E
sat
6 NENR< NEGSe ' . , ' DMGtype coated CS
__ |average . . 18- : NF-NR-c* NF-CS-c 7.00 y NF-NR-c* NF-CS-¢
E 5 Jmaximum —e— —.— absorptance in gold — ‘Emp=1><10 Vim —e— ——
> 7 1.4 {absorptance in gain —— _ 8759 }E =1%10° V/m e
k=) . norm. power outflow — =gs0d L™ s
NF-C* i o AR B m————— — < [E g =5+10° V/im ——
£ E: § T6.254
o3 . . z
H il R g 08 & 6.00- -
Spa5|ng% |l 2 T 02 8575
22 o .<> )
wo{f S — 2550
T 1 ¥ o ° -0.24 - g A
O e A : ~06 5.25-
0 F‘. e e I 5.00 r T
0 2 4 6 8 10 -1.0 . . . . . 680 700 720 740
E s’:fal 0 2 4 6 8 10 wavelength (nm)
Elocel
) sat suwsuacted
full signal 710 nm probe
% =
710 nm 720 nm _ 120 60 § 120 2 60
E o ©0.002
s %% 10 Xy .30 g 150 30
g 004 plane &0.001 780 NR-c* CS-c*
S 000180 0 Eo.ooo 180 0 7604 dip 1 r 80
% 0.04 £ 001 pla peak —— —a—
5 210 w0 E ; 5
& 008 Saoas] <° 30 _740{ dip2 . 60
4 270 % 240 270 300 g splltt'ng__A— P g
—— NF-NR-c* £ — NF-CS-c* = 720 : ’ - =
E
120 L e S 120 P e 2 de—t £
710 nm 720 nm £0.002 Xz §0.002 Xz @ 700 =
s 150 plane g 150 plane_ 30 8§ o.
80.001 &0.001 20
2 5 680
[ - - 5.0.000 180 0 £0.000 180 0
\ / © 2
20.001 '50.001 ¢ 0
* ! * 2 210 30 & 210 330 660']
£0.002 20002 T T T T T T
240 T 300 E 240 o 300 06 08 10 12 14 16

I3

a !l

' YR
1 O

N (10" arb.u.)

Sderes5 t OmR, | {1 yaKahdad ANTséte Nanomaterials 11 (2021) 1322
0 A @S NangrBsbriatbr®ptanized for Lasing arpasingt LIS NI (A 2 y €



largestlocal Efield

E,,, (*10°V/m)

1.0 1.8

1.6
1.4
1.2

MG-type NK

Nanolasers

E_ (*10° V/m)

avg

E__(*10°V/m)

avg

1.0 2.4

05 1.0 15 20 25 3.0
N (*10% m™)

largestoutflow

outflow (*107 W)
1.0 ¥

.0
5.8
5.7
5.6
55
5.4
5.3
52

05 10 15 20 25 30
N (*10%° m?®)

largest| EC$ -> ECS<0

ECS (*107% m?)
1.0 15

1.1

05 10 15 20 25 30
N (*10% m™)

05 10 15 20 25 3.0
N (*10%° m?)

outflow (*107 W)
.0

5.9

5.8

5.7

........................ 56
55

5.4

........................... 5.3

........................... 5.2
05 10 15 20 25 3.0

N (*10% m™®)

ECS (*1072 m?)
1.4

1.0
7
4
0.0
0.3
0.6
1.0

B
05 1.0

1.3
15 20 25 30

N (*10% m™)

05 1.0 15 20 25 3.0
N (*10% m™)

outflow (*107 W)

05 10 15 20 25 30
N (*10%° m?®)

ECS (*10™ m?)
1.5

1.0
5

.0
0.4
0.8

1.3

)

1.8

05 1.0
N (*10% m™)

156 20 25 3.0

D. Vass A. SzenesB.B § n h, &I Ggate
FIO OSAconferenceOctoberl7-20, 2022 RochesterNew York, USA

extinction cross section (*10™ m?)

average local E (10° V/m)
{ w

NR DMG GMG

Now
(4] o
.

N
[=]
L

+
o .+
+

far-field amplitude difference (*10° V/m)

0. : ‘ r - :
680 690 700 710 720 730 740
wavelength (nm)

64 NR DMG GMG
6.2 .

6.0 .

581

56

5.4

5.2 ! -

680 690 700 710 720 730 740
wavelength (nm)

15 NR DMG GMG
1.0 += o
0.5

0.0

0.5

1.0

15- .

680 690 700 710 720 730 740
wavelength (nm)

far-field amplitude difference (*10”° V/m)

o &~ N O N B~ O

- o - %]
I h

\S]
|

Al n dplasmordawiaactesonatorfor lasingandspasingj,

minimalspaseitthreshold

1.0

710 nm

0.0

ECS=0

680 690 700 710 720 730 740

wavelength (nm)



Local Hield

(a)

E,g (*10° V/im)
2.860
2.574
2.288
2.001
1.715

1.429
1.143
.8562

S— LY
5 0.90 0.95 1.00

2.0 — -
0.70 0.75 0.80 0.8

N (*10% m?)

Eayg (*10° V/m)
2.440
2.159
1.877
1.596
1.315
1.034
.7525
14713
.1900

Epump (*10° V/m)

0.45
N (*10% m?)

050 055 060

Nearfield amplifier,nanolase& spaser

Opticalresponse Opticalcrosssection

®) outflow (*107 W)

6.605
424
243

6.061

5.880

5.699
5.518
5.336

20 5.155
085 090 0.95

N (102 m3)

1.00

outflow (*107 W)
415

.261
6.108
5.954
5.800
5.646
5.493
5.339
5.185

N (*10% m3)

(c)

ECS (*10°2 m?)
20

1.400
0.8425
0.2850
-0.2725
-0.8300

1.8

-1.388
-1.945
-2.502
-3.060

E pymp (*10° V/m)

1.4
N (*10% m®)

1.7 20

ECS (*10"2 m?)
1.070

i 0.7362
+0.4025

-0.06875
-0.2650
-0.5988
-0.9325
-1.266
-1.600

Expump (*10° V/m)

11 14 17 20

N (*10% m?)

GMD=ainmetaldielectric GMGgainmetalgain

PN
L ) |
-

(a) e
3.1 12
r—\
229 ; {\ /\ 1.0
= 1 08
k] ! f
E 2T ?S?\/ 06
o ¢ )
k] 25y N GMG 04
T real 02
3 23 imaginary
3 GMD =T 00
o =
£21 real N -0.2
9 - = - imaginary’ N g 04
670 680 690 700 710 720 730 740
wavelength (nm)
@ ACS

absorption cross section (*10°"" m?)

-0.4 v - . - -
670 680 690 700 710 720 730 740
wavelength (nm)

9 IQE& EQE

40

—

w
=3

N
o

internal and external
quantum efficiency (%)

GMD
—IQE
— EQE|

-
=]

0 T T v T T
670 680 690 700 710 720 730 740
wavelength (nm)

D. Vass, ASzenesP. Z. Nagy, B.t Y K BlfC8efey

imaginary part of permittivity

o

real part of refractive index
(]

= = = imaginary

real

- - - imaginary

14 -0.
670 680 690 700 710 720 730 740

wavelength (nm)

@  QOCS
& 1.0
E
b -
N
- 05 A\\\
2
©
@
2]
2 00 &
o GMD GMG
2 ——acs| —— AcS|
8 ——scs sCs
= —Ecs| —Ecs
©

-

-

N

w

far-field amplitude difference (*10° V/m)
o

core-shellplasmonicnanoresonatora X
https://arxiv.org/abs/2404.12714, https://doi.org/10.1016/j.optlastec.2025.114251.

-0.5 - - " - -
670 680 690 700 710 720 730
wavelength (nm)

740

hLJi A Oa

o ©o o o o
o - N w =
imaginary part of refractive index

o

2

local E-field in gain (*10° V/m)

()

1.5

0.0——
670 680 690 700 710 720 730 740

wavelength (nm)

1.04

0.5

(*107 W)

0.0+

o
IS

lons

t

2.0.54

absor

-1.04

— A

Agia

o
N
outflow (*107 W)

—

@)

Iy R

5 T T T T T 5.0
670 680 690 700 710 720 730 740

wavelength (nm)

predominant transient

a[ I Sspayirgwith attRe individual

[ F @SNJ ¢SOF



Five types ohanolasers: spasers
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Steadystate andtime-dependentoptimization
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Energyc power loss and their densitiesnanoresonatorsn passivanedia
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Distributionsoptimizedto balance An steadystate in passivanedia

average deviation of random location distributions =>
deviation in representative number distributions
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Absorption distribution
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via optimizedplasmonicnanoresonatoiR A & (0 NRA 0 dzi
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Distributionsoptimizedto balance En time-domainin passive media
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