Fast laser field reconstruction method based on a
Gerchberg-Saxton algorithm with mode decomposition

LPGP, CNRS, Université Paris-Saclay
Orsay, France

I. Moulanier, L.T. Dickson, F. Massimo, G. Maynard and B. Cros

Abstract The knowledge of the electric field of high intensity lasers is an This method, named GSA-MD, uses Hermite-Gauss (HG) modes to reconstruct the
Important problem when it comes to the study and modeling of its laser electric field based on a set of fluence images collected in the focal volume.
non-linear interaction within a plasma. The GSA-MD is characterized by its fast execution time (a few seconds), and by its
A phase-retrieval algorithm, based on the Gerchberg-Saxton flexibility, as the numerical parameters used to model the electric field can be

method, has been created to characterize with accuracy the spatial  optimized to decrease the reconstruction error.
component of the spectral phase.

GSA-MD [1] Application : Laser asymmetry

- _ impact in PIC simulations [2,3]
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Origin Tuning Y
dQ/d6x (mrad)

20 3 80 60 40 20 0
m : : [ :

10+ IE 0.6
Educated Guess Refined Search T | T 2 o
2 0 T R R T © . 0.4 8
Ix | = Gaussian Laser
—10; 0 0.2]

—20 0
20

10+

0 100 200 300 400 500 600
Ntuning
lllustration of the HG Origin Tuning 2 minimization through Origin Tuning ~10]

0_

X (um)
6, (mrad)

Realistic Laser

dQ/dE (pC/MeV)
o
o

—20% 2000 4000 6000 8000 0.6
2 : .. i,
e x“ fluctuates with the HG modes origins . |
Evolution of the laser & bunch centroid 0.4

 The Origin Tuning procedures optimizes x? in two phases
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* Over several iterations, this leads to a significant error decrease

Output bunch spectra

Comparison GSA without MD

_ The GSA-MD is a fast and flexible algorithm which
. — e S — Ofe]a o3 IUES [01g MM allows the reconstruction of the electric field via an
Apollon F2 Experiment Q- .. Hermite-Gaussian decomposition. Its tunability resides
T . — e the many numerical parameters of the algorithm (hnumber of modes, numerical
waist, input phase...), and it can be executed in a few seconds.
R R e It has also been proven that an additional procedure of Origin Tuning of the
GSA without MD reconstruction KEEEEEE SN S ] Hermite-Gauss origins can lead to a significant diminution of the error.
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