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Pulse Focusing with High-Na Lens



Abstract

While for most other types of sources it is often
accurate enough to labour under the stationary
approximation, ultrashort pulses require a
somewhat more nuanced approach, where the
correlation between the different spectral modes is
taken into account. We investigate here the effects
of subjecting one such pulse to propagation
through a lens with high numerical aperture, in
terms of its spatial, as well as of its temporal,
profile.
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Application Scenario — System

high NA aspheric doublet

asphere 1: asphere 2:
« radius of curvature: 2.75 mm ¢ radius of curvature: -3.19 mm
laser pulse « conical constant: -0.61 - conical constant; -12.7
 collimated gaussian profile » asphere coefficients: » asphere coefficients:
« diameter: 2.5 mm x 2.5 mm - A, :0.000589 « A,:0.0124
* linearly polarized in x-direction * Ag:-1.76E-05 + Ay :-0.00371
. T S « Ag:1.01E-05 + Ag:0.000512
Gaussian spectrum . Ao -3.91E-06 « A, -3.11E-05

800 nm central wavelength
5 fs pulse duration

detector

P ».

1.7671 mm




Application Scenario - Task

detector

» temporal envelope (2D/1D)
* |nstantaneous irradiance

Tasks:

Spatio-temporal
investigation of the focal
spot

?
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Temporal Envelope Over Z
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Spatio-Temporal Investigation: On-AXxis
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B, 46: Position 1

Mumerical Data Array (Equidistant)

Diagram Table

Value at x-Coordinate

[T}
m
L=l

0.3

0.2

Ez-Component

0.1

22.6 22.7

T
22.8 22.9 23 231 23.2
Time [ps]

B 37: Position 1
Mumerical Data Array (Equidistant)

Diagram Table  Value at x-Coordinate

02 03

Ex-Component [kV/m]

0.1

0.05

22.6 227 22.8 22.9
Time [ps]

23

23.1

23.2

Ez-component




Spatio-Temporal Investigation: Off-Axis
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Real Pulse with Carrier Envelope

=, 36: Pulse Evaluation (Line)
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VirtualLab Fusion can also
calculate the real pulse
(including carrier frequency)
which might be necessary for
accurate calculation of energy
values.
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Discussion of Instantaneous Irradiance

Numerical Data Array (Equidistant)

B, 5 Instantaneous radiance (=R
Mumerical Data Array (E

T
@ || — Irradiance of Temporal Envelope

J| — Instantaneous Irradiance

3

2 22 24 26 28

Time [ps]

For the calculation of energy
guantities, such as the
irradiance, the carrier frequency
needs to be considered. Though
when the time-dependent phase
changes slowly in comparison to
the carrier frequency, the

Subsets #1, #2 [1E2 W/m?]

1.2 14 1.6 1.8

02 04 06 08 1

.

envelope Of the instantaneous 22:79 22..8 22.81 22.82 22.83 22.84 22.85 22.‘86Time[p5]22..87 22.88 22:89 22.9 22?91 22.‘92 22.‘93 22.‘94
irradiance is the instantaneous : : : :
irradiance of the temporal Irradiance (integration over time): + Real pulse — 6.5e7 12 ]/m?

° -11 2
envelope of the pulse. Only Envelope — 1.3e™"" ]J/m
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Envelope of Instantaneous Irradiance for On- and Off-Axis Spot

Off-axis
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Note: For visualization purposes, we show the envelope of the instantaneous irradiance only.

On-axis




Workflows



LP Mode Source

Getting it done in VirtualLab Fusion:

» (Gaussian Source
> Include Spectrum into Source

Source selection

B 1 Come s ==& Gaussian spectrum of

Field Vector Component At One Point (Mon-Equidistant)

[ System setup ] e an ultrashort pulse

[ Detector selection ]

Amplitude of “Electric Field Strength™ [v/m]
0.1 0.2 0.3 04 0.5 0.6 0.7 08 09

T
0.6 0.7 0.8 0.5 1 11 1.2 1.3 1.4
Wavelength [um]
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https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#mk110
https://www.lighttrans.com/index.php?id=3422

System Setup

Getting it done in VirtualLab Fusion:

Source selection » |Import Lens File

Edit Lens System Component (Lens) *

=

Coordinate
Systems

System setup

Detector selection

Index| Distance | Paosition |T,rpe | Homogeneous Mediun| Comment

Paosition /
Orientation 1 Omm  Omm Aspherical Interface Homogeneous Medium Enter your com

2 315mm 215 mm Aspherical Interface Homogeneous Mediumr Enter your com

(T}

16



https://www.lighttrans.com/index.php?id=3336

Detector Selection

. Getting it done in VirtualLab Fusion:
Source selection

» Pulse Evaluation

Edit Plug-In Detector (Universal Detector)

| Field Quantities Detector Window [x-Domain)
Systel I I Setup Detector Window [k-Domain) Gridless Data Add-ons
Coordinate v Data from Field Monitor

Systems

Electromagnetic Field Quantities
/@_ Pulse Evaluation (Line) £
Pasition /
. Orientation - Pulse Evaluation (Point) x
Detector selection ‘ | y
e Instantanecus Poynting-Vector
d ‘DI |
Detector Instantaneous Irradiance =
Parameters |
deee Pulse Evaluation (Paint) &
1 |
_F F e Instantanecus Poynting-Vector =

Free Space . = 9
Propagation Instantaneous Irradiance
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https://www.lighttrans.com/index.php?id=3057

Document Information

Title Pulse Focusing with High-NA Lens
Document code USC.0123
Publication date 08.07.2025

Required packages
Software version 2025.1 (Build 1.172)*
Category Use Case

- Femtosecond Pulse Propagation through Dispersive Seawater
Further reading - Focusing of Femtosecond Pulse by Using a high-NA off-Axis Parabolic Mirror
- Grating Stretcher for Ultrashort Pulses

* The files attached to this document require the specific version or later.
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https://www.lighttrans.com/index.php?id=267
https://www.lighttrans.com/index.php?id=3342
https://www.lighttrans.com/index.php?id=1819

