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High power laser pulses in the laboratory
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where z is the glass thickness and k(Ω) is the frequency-dependent wavenumber of the glass. 
This simple SHG model assumes that the nonlinearity has infinite bandwidth, or at least that 
the spectral response is flat in the region of interest, which is seldom the case for pulses in the 
few-cycle regime and under normal experimental conditions. Fortunately the resulting SHG 
power spectrum is still well described by this simple model, provided that a spectral filter is 
included [28, 29]. 

 

Fig. 1. Measured spectrum and simulated phase (a) and corresponding d-scan trace (b). The 
algorithm uses a GD representation to try to match the simulated trace (d) to the target trace 
(b). It starts with a coarse representation which is then interpolated to a finer one as the 
algorithm reaches a minimum. In (c) a given amount of free parameters are available (green 
dots), the GD curve is interpolated from those values, and the phase (blue dotted line) is 
calculated from that GD curve. For this amount of points the best it can do is to produce trace 
(d). The algorithm then continues by adding more degrees of freedom (blue dots), until it 
reaches the sampling limit. The previously determined values are still allowed to vary. 

Our method consists on measuring the fundamental power spectrum and guessing the 

spectral phase that reproduces the measured SHG trace, ,( )S zω . As in our previous work 

[26], we use a general minimization technique (Downhill Simplex [30]), but different basis 
sets are used to describe the phase. In the original algorithm we used a Fourier series to 
represent the phase, with the different coefficients of the Fourier series being the optimization 
parameters. This worked well in most cases but was not enough for others. A simple way to 
avoid the algorithm getting stuck in local minima is to switch basis whenever this happens: 
often, a local minimum in a given basis is not a local minimum in another basis, so the simple 
switching of basis can be a great improvement. For the work presented here, we used several 
different representations. A good tradeoff between accuracy and speed was obtained by 
defining the GD values at a given resolution and using spline interpolation in between 
(similarly to [31, 32]). As the algorithm converges, the resolution is then increased by adding 
more degrees of freedom. A schematic representation of the algorithm is depicted in Fig. 1, 
showing an intermediate step of the algorithm while using GD values as a set to represent the 
guessed phase. The same was done using phase and GDD representations instead of GD 
values, and switching between those representations whenever the algorithm stalled. 
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MeasurementsLasers are non-ideal

• Non-standard wave-fronts

• Spectral phase variations

Experimental measurements can fully characterise e.m. fields

• Fluence

• Spectral-phase

• Full 3D reconstructions

• Spectrograms

We developed a new tool that allows to inject arbitrary laser
pulses in PIC codes that strictly satisfy Maxwell’s equations
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General laser injection method
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New algorithmPlane waves: exact solutions of Maxwell’s equations

Maxwell’s equations in free space

Sum of solutions is still a solution!

Using Fourier transforms, decompose any wave-
packet as a sum of plane waves, with a defined k 
wave vector and thus a specific amplitude 𝑓!(𝒌)
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Controlling pulse properties with 𝒇𝒌(𝒌) function
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We can control:

‣ Transverse Size

‣ Main Frequency

‣ Longitudinal Size

‣ Focus Position

‣ Relative Injection Position

‣ Transverse Profile

Basically Arbitrary Control over Pulse Shape

Jorge Vieira, EuPRAXIA-PP meeting Elba (2024)
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Arbitrary pulse injection in Osiris
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Beyond paraxial and envelope approximation:
Precise description of tight-focus and ultra-short 
e.m. fields 

Transverse electric field of a non-paraxial laser pulse

Transverse electric field of a single cycle laser pulse

Jorge Vieira, EuPRAXIA-PP meeting Elba (2024)
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Arbitrary pulse injection in Osiris
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Electric field intensity Electric field lines

Beyond paraxial and envelope approximation:
Precise description of tight-focus and ultra-short 
e.m. fields 

Elliptical, radial and azimutal polasation build in
Direct injection of new polarisation states

Jorge Vieira, EuPRAXIA-PP meeting Elba (2024)
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Arbitrary pulse injection in Osiris
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Transverse electric field of a pulse in different frames

Laboratory

Co-propagating reference frame
𝛽! = 0.9

Counter-propagating reference frame
𝛽! = −0.9

Beyond paraxial and envelope approximation:
Precise description of tight-focus and ultra-short 
e.m. fields 

Elliptical, radial and azimutal polasation build in
Direct injection of new polarisation states

Arbitrary Lorentz boosts
Pulses can be injected in any inertial reference
frame

Jorge Vieira, EuPRAXIA-PP meeting Elba (2024)
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Arbitrary pulse injection in Osiris
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Transverse electric field of a 1st order Hermite
Pulse injected at 30º

Beyond paraxial and envelope approximation:
Precise description of tight-focus and ultra-short 
e.m. fields 

Elliptical, radial and azimutal polasation build in
Direct injection of new polarisation states

Arbitrary Lorentz boosts
Pulses can be injected in any inertial reference
frame

Angled injection
Pulses can be injected travelling in any direction

Jorge Vieira, EuPRAXIA-PP meeting Elba (2024)
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Arbitrary pulse injection in Osiris
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Beyond paraxial and envelope approximation:
Precise description of tight-focus and ultra-short 
e.m. fields 

Elliptical, radial and azimutal polasation build in
Direct injection of new polarisation states

Arbitrary Lorentz boosts
Pulses can be injected in any inertial reference
frame

Angled injection
Pulses can be injected travelling in any direction

Wall injection from side walls
Allows for transversely smaller simulation domains

Wide box

Narrow box without
additional Wall-injection

Narrow box with Wall-
injection from top/bottom

walls
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Conclusions
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Pulse injection from spectrum and spectral phase

Single cycle pulse injection

New numerical tool ready to inject any pulse:

• Pulse injection from spectrum and spectral
phase

• Arbitrary injection (single cycle/ultra-tight
focus, structured, any polarisation...)

• Div B = 0 (up to precision of numerical scheme)

• Injected pulse satisfies Faraday’s and Ampere’s
law simultaneously

• Near absence of backward propagating ghost
pulses

Future work: complementary Zernike polynomial
description (new post-doc coming in November)

Krauss, G. et al. Nature Photon 4, 33–36 (2010)
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