Journal of Physics: Conference Series

PAPER « OPEN ACCESS

Disentangling spectral phases of interfering autoionizing states from
attosecond interferometric measurements

To cite this article: C L M Petersson et al 2020 J. Phys.: Conf. Ser. 1412 072010

View the article online for updates and enhancements.

K A\ \ A\ \ A\ \ A\ \ A\ A\ N R A\ N

(EBS) The Eictrochemical Sociey
240th ECS Meeting ORLANDO, FL

Orange County Convention Center Oct 10-14, 2021

Abstract submission deadline extended: April 23rd SUBMIT NOW

This content was downloaded from IP address 150.244.1.242 on 12/04/2021 at 15:29


https://doi.org/10.1088/1742-6596/1412/7/072010
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsu6_RbxyvKVC_91RrP1_3wXXE5Z7u6mhi39vxsdteO6p7yUmaFt8KZUH416VYUATJ8nhV9qink9HfMf8DnNbzjA4fiOuwCG4wB4gG3jOI_gCAkoJXkqfW3cgIKnR3UB7XzVf2Fqmo-3C5_mYcA1GqcNhRSRNrY09xyoKPY3FNFAuxhFGj0y4H0u7Zg_fBH5rPxH_MXARKf8koyiCEYuJUyXaFtAKX858p4_jo7LoJvHgqseGzM05CkSLWuMmak0db7ZghaBr1JmG7ZQSFUEY2ap&sig=Cg0ArKJSzDcjssyH8eVf&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/240/cfp.cgi%3Futm_source%3DIOPJournals%26utm_medium%3DPDFCover%26utm_campaign%3D240AbstractExtended%26utm_content%3DExtendedDeadline

ICPEAC2019
Journal of Physics: Conference Series

IOP Publishing
1412 (2020) 072010  doi:10.1088/1742-6596/1412/7/072010

Disentangling spectral phases of interfering autoionizing states from
attosecond interferometric measurements

C L M Petersson'*, L Barreau?, M Klinker!, A Camper?, C Marante', T Gorman?, D
Kiesewetter?, L Argenti!, P Agostini®, J Gonzilez-Vizques', L F DiMauro®, P Saliéres?®
and F Martin!4®

'Departamento de Quimica, Médulo 13, Universidad Auténoma de Madrid, 28049 Madrid, Spain
2LIDYL, CEA, CNRS, Université Paris-Saclay, 91191 Gif-sur-Yvette, France
3The Ohio State University, Department of Physics, Columbus OH 43210, USA
4Instituto Madrilefio de Estudios Avanzados en Nanociencia (IMDEA-Nanociencia), Cantoblanco, 28049
Madrid, Spain
5Condensed Matter Physics Center (IFIMAC), Universidad Auténoma de Madrid, 28049 Madrid, Spain

Synopsis The spectral phase of the autoionising neon continuum has been probed via interferometric pump-
probe measurements as well as ab initio, full-electron, time-dependent, theoretical calculations in energy intervals
containing several auto-ionising. Theory and experiment are in excellent agreement. Despite the complex energy-
dependence of the phase, a very simple model has been used to disentangle the contribution by different resonances.
This work extends the applicability of reconstruction methods to multi-resonance regions of autoionising continua

- a common scenario in multi-electron systems.

With the advent of attosecond science, the
development of interferometric techniques has
proved itself a highly useful avenue for the study
of electron dynamics on their natural time scale.
One such method is the pump-probe method
known as reconstruction of attosecond beatings
by interference of two-photon transitions (RA-
BITT), which has been successfully used to study
phenomena such as spectral phases [1]. Although
this method has proven itself able to probe not
just atomic [1] system, but also more complex
system systems, such as molecules [2], solids [3];
it has so far been restricted to regions of autoion-
ising continua containing one or no resonances.
This is due to the difficulty in accurately de-
scribing electron correlation of multi-resonance
regions, making accurate, full-electron, time-
dependent ab initio theory, necessary to guide
experiment inaccessible. This dearth of accurate
calculations leaves simple models able to describe
such regions a highly desired prospect.

In this communication, RABITT is used to
probe neon below the second ionisation thresh-
old, scanning the spectral phase both in a single-
and a multi-resonance regions. Time-dependent,
full-electron, ab-initio calculations were used to
provide a theoretical prediction; enabled using an
implementation of the XCHEM methodology [4],
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itself designed to accurately describe correlated
processes in many-electron systems. Experimen-
tal data is also presented, with which the theoret-
ical calculations show excellent result, providing
further support for the XCHEM approach. In the
multi-resonance region, the spectral phase has a
complex dependence on the energy. Despite this,
a very simple model based on a recent extension
of the Fano model for two-photon ionisation in-
duced by ultrashort pulses [5] is presented, capa-
ble of disentangling the contributions of different
autoionising states and accurately predicting the
energy-dependence of the spectral phase in the
studied multi-resonance region.

This works extends the applicability of inter-
ferometric methods to multi-resonance regions of
atomic and molecular systems, thus paving the
way for reconstruction of electron wave packets
coherently generated in systems previously un-
available due to their complexity.

References

1] Cirelli C et al 2018 Nat. Comm. 9 955

2] Haessler S et al 2009 Phys. Rev. A 80 011404(R)

3] Cavalieri A L et al 2007 Nature 449 1029

4] Marante C et al 2017 Phys. Rev. A 13 499

5] Jiménez-Galdn A et al 2016 Phys. Rev. A 93
023429

[
[
[
[
[

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.

Published under licence by IOP Publishing Ltd

1


https://www.nature.com/articles/s41467-018-03009-1
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.80.011404
https://www.nature.com/articles/nature06229
https://pubs.acs.org/doi/abs/10.1021/acs.jctc.6b00907
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.93.023429
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.93.023429
mailto:leon.petersson@uam.es

