
HAL Id: hal-04431311
https://hal.science/hal-04431311

Submitted on 1 Feb 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Multiscale modelling of HHG and its applications for
phase-matching optimisation

Jan Vábek, Fabrice Catoire, Stefan Skupin, Ondrej Finke, Lucie Jurkovicova,
Michal Nervkla, Nadezda Bobrova, Martin Albrecht, Alexandr Jancárek,

Ondrej Hort, et al.

To cite this version:
Jan Vábek, Fabrice Catoire, Stefan Skupin, Ondrej Finke, Lucie Jurkovicova, et al.. Multiscale mod-
elling of HHG and its applications for phase-matching optimisation. ATTO 9 - 9th International
Conference on Attosecond Science and Technology, Jul 2023, Jeju, South Korea. pp.TuP-21. �hal-
04431311�

https://hal.science/hal-04431311
https://hal.archives-ouvertes.fr


Multiscale modelling of HHG and its applications for phase-matching optimisa-

tion 
 

Jan Vábek1 *, Fabrice Catoire2 , Stefan Skupin3 , Ondřej Finke1,4 , Lucie Jurkovičová1,4 , Michal Nevrkla1,4 , 

Nadezda Bobrova4 , Martin Albrecht1,4 , Alexandr Jančárek1, 4 , Ondřej Hort1 and Jaroslav Nejdl1,4  

 
1 Extreme Light Infrastructure ERIC , ELI Beamlines Facility, Za Radnicí 835, 252 41 Dolní Břežany, Czech Republic 

2Centre Des Lasers Intenses et Applications, Université de Bordeaux-CNRS-CEA, 33405, Talence Cedex, France 
3Institut Lumière Matière, UMR 5306 Université Lyon 1-CNRS, Université de Lyon, 69622, Villeurbanne, France 

4Czech Technical University in Prague, FNSPE, Břehová 7, 115 19 Prague 1, Czech Republic 
 

Synopsis    We present a multiscale approach to model high-harmonic generation in gaseous media. Such 

a treatment is indispensable for a quantitive description of phenomena emerging from the interplay of the micro-

scopic response of a single microscopic emitter, and the macroscopic profile of the driving beam propagating in 

a generating medium. In particular, we address phase-matching controlled by pre-ionising the medium. 

 
High-order harmonic generation (HHG) is 

a workhorse tool of attosecond science. Our in-

tention is to have a comprehensive computa-

tional picture of HHG in a gas phase. Such a 

picture requires to couple two scales: 1) The 

macroscopic model of the driving pulse strongly 

affected by a nonlinear propagation, 2) A single 

microscopic system – an atom or a molecule 

interacting with the pulse – described naturally 

by quantum physics. 

We develop a fully numerical multi-scale 

model by coupling the numerical code for com-

puting the non-linear pulse propagation [1], 1-

dimensional Time-dependent Schrödinger equa-

tion [2], and diffraction-like XUV propagation 

based on Hankel transform [3]. Figure 1 illus-

trates the flowchart of the numerical model. 

This model is applied for the numerical treat-

ment of HHG at ELI Beamlines [4]. It has been 

already used in [5,6]. 

In this contribution, we focus on the control 

of phase-matching in long media [5]. An exter-

nal pre-ionisation mechanism allows for setting 

an optimal degree of ionisation to achieve ideal 

phase-matching along the propagation. In par-

ticular, we confirmed an 8-fold enhancement of 

H17 in krypton. This result was in good agree-

ment between theory and experiments. We ex-

plain this scheme in more detail and comple-

ment our model with simple analytical consid-

erations, which provide further insight into un-

derlying physics.  

 
* E-mail: Jan.Vabek@eli-beams.eu 

 

Figure 1. The flowchart of the multiscale model com-

putation. (a) Shows a distorted Gaussian pulse (both in 

time and space) at 800 nm after the passage through a 

15-mm long gas cell filled by Krypton (50 mbar). The 

field from the whole interaction volume is then pro-

cessed to obtain a spatially resolved far-field (5 m) spec-

trum (b). This example corresponds to the HHG scheme 

from [6]. 
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