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The system

* Co/Pt cylinders in
Square/Rectangular arrays

- Placed on Au substrate
- External magnetic field

- System immersed in organic dye
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Optical response of the system

LCP pump RCP pump
T Tost T

e System Is excited at 800nm T
- 200fs pulses .
- RCP/LCP pumping ¢
- Normal incident angle ([-point) f ﬂ

* Photoluminescence (PL) is j\
measured MMW ,

Wavelength (nm)
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PL intensity (counts)

Measurements, Square array

Left circularly polarized Right circularly polarized Linear polarization
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Measurements, Rectangular array
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Possible explanations

Phenomenon

Effects

. MCD (<1%)

* |ncreased absorption
- Increased excitation

e Effect linear

* Cannot explain 4-20%

effect
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Modes of Square lattice

o LCP pump RCP pump
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Modes of Square lattice

895.8 nm 1263 nm 1257nm
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Modes of Square lattice

Lasing mode (A = 896 nm) Hybrid mode (A = 1257 nm)
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Modes of Rectangular Lattice

892 nm 892 nm N1 —

Lasing
Mode

R

o ks TR

& School of Science

" 11/22 Hybrid modes

7. March 2022



Possible explanations

Phenomenon Effects
 MCD-{<19%) » Effects non-linear
o Different A, 7_,, e Difference small

e Cannot explain
stronger effect In
Rectangular array
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Lasing dynamics

* Lasing described with standard 4-level model
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Lasing dynamics

* Lasing described with standard 4-level model
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Possible explanations

Phenomenon Effects
 MCD-{<19%)  Amount of avallable
. Differepth—7 gain affected
. Different » Effect highly non-
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Mode-structure of system

——————— Emission

i Lasing mode Hybrid mode
o

| :

(a.u.)

Wavelength A (nm)

7. March 2022

Aalto University
School of Science

" 15/22



Estimation of (3

» 3 is proportional decay rate B, = 7’7??
tot
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Estimation of (3

* (3 1s proportional decay rate Bi = ,)Zit

* Decay rates estimated from mode
structure as

Ecutoff
Vi = / p(E)a’o;(E)dE
0

_ . Lorentzian fit based on FEM
Normalized Emission spectrum

Projection to LCP/RCP basis
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Estimation of (3

* (3 1s proportional decay rate Bi = ,}ZZ

* Decay rates estimated from mode
structure

* Approximating difference 3 in as

5_ —6+ ~ V—.,hybrid (1 B f}’:hybrid)

B — YL Y+ hybrid
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Mode-structure of system

i Lasing mode Hybrid mode . Emission
o

| .

(a.u.)

Wavelength A (nm)

AB ~ 1-2% (Square)
AB ~ 2-4% (Rectangular)
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Estimated Threshold shift

e Simulating threshold
curves for different 3

- 3 as a free parameter
- 1., from FEM

School of Science
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Estimated Threshold shift

e Simulating threshold
curves for different 3

- 3 as a free parameter

- 1., from FEM

dnph
dt

= 5 Tiph
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Estimated Threshold Shift
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Estimated Threshold Shift

Teay =28.51s

B2/ 81 =1.04
B2/ 31 =1.03
Ba/ 31 =1.02
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Why the effect Is stronger for
Rectangular lattice?
 Maximize difference in 8 w.r.t. magnetic field
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Why the effect Is stronger for
Rectangular lattice?

 Maximize difference in 8 w.r.t. magnetic field
- Emphasize hybrid modes in comparison to lasing

Ecutoff
Vi = ] p(E)o’o;(E)dE
0 w

0.5 for‘xlinear mode

5_ —6+ ~ | ﬁ—jhyb?"id? (1 B f}’:hybrid)

B - 7L Y+, hybrid
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Conclusion

* Magnetically controlled plasmonic laser

* Auxiliary hybrid modes
 Direct observation of chiral doublet
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Lasing dynamics, full equations

* Lasing described with standard 4-level model
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Estimation of B (in scale)

—— 0, Square
Loy o*, Square n
------ Emission data, scaled
- —— Emission fit, scaled
o Lo [ Ecutoff
3 0
s AB ~ 1-2% (Sq)
= el ~ 2_10
g AB ~ 2-4% (Re)
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Why the effect Is stronger for
Rectangular lattice?

 Maximize difference in 8 w.r.t. magnetic field
- Emphasize hybrid modes in comparison to lasing
- Increased energy of hybrid modes

1270nm -> 1266nm
1257nm -> 1253nm
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Why the effect Is stronger for
Rectangular lattice?

* Maximize difference in B w.r.t. magnetic field

- Emphasize hybrid modes in comparison Itollalsmg

- Increased energy of hybrid modes
- Maximize the absorption of lattice

MCD (%)
o o
Reflectivity
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