
HAL Id: hal-01267020
https://hal.sorbonne-universite.fr/hal-01267020

Submitted on 3 Feb 2016

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.

Distributed under a Creative Commons Attribution 4.0 International License

Vibrationally resolved B 1s photoionization cross section
of BF 3

D Ayuso, M Kimura, K Kooser, M Patanen, E Plesiat, L Argenti, S Mondal,
O Travnikova, K Sakai, A Palacios, et al.

To cite this version:
D Ayuso, M Kimura, K Kooser, M Patanen, E Plesiat, et al.. Vibrationally resolved B 1s pho-
toionization cross section of BF 3. Journal of Physics: Conference Series, 2015, 635 (11), pp.112134
�10.1088/1742-6596/635/11/112134�. �hal-01267020�

https://hal.sorbonne-universite.fr/hal-01267020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 134.157.80.136

This content was downloaded on 03/02/2016 at 16:00

Please note that terms and conditions apply.

Vibrationally resolved B 1s photoionization cross section of BF3

View the table of contents for this issue, or go to the journal homepage for more

2015 J. Phys.: Conf. Ser. 635 112134

(http://iopscience.iop.org/1742-6596/635/11/112134)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/635/11
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


Vibrationally resolved B 1s photoionization cross section of BF3 

D. Ayuso*
1
, M. Kimura

†
, K. Kooser

‡
, M. Patanen¶, E. Plesiat*, L. Argenti*, S. Mondal

†
, O. Travni-

kova¶§, K. Sakai
†
, A. Palacios*, E. Kukk

‡
, P. Decleva, K. Ueda

†
, F. Martín*, C. Miron¶ 

* 
Departamento de Química, Módulo 13, Universidad Autónoma de Madrid, Cantoblanco 28049, Madrid , Spain 
† 

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577, Japan 
‡ 

Department of Physics and Astronomy, University of Turku, 20014 Turku, Finland  
¶ 
Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, BP 48, 91192 Gif-sur-Yvette Cedex, France 

§ 
CNRS, UMR 7614, UPMC Univ Paris 06, LCPMR, 75005 Paris, France 

  
Institut fur Physik, Humboldt-Universitat zu Berlin, Newtonstrasse 15, 12489 Berlin, Germany 

 
Dipartimento di Scienze Chimiche e Farmaceutiche, Università di Trieste, 34127, and CNR-IOM, Trieste, Italy 

 
Instituto Madrileño de Estudios Avanzados en Nanociencia, Cantoblanco, 28049 Madrid, Spain 

Synopsis  We present a study of the vibrationally resolved B 1s photoionization cross section of the BF3 mole-

cule. A combination of h igh-resolution photoelectron spectroscopy measurements and of state-of-the-art calcu la-

tions shows the evolution of the photon energy dependence of the cross section from a complete trapping of the 

photoelectron wave (low energ ies) to oscillat ions due to intramolecular scattering [1, 2]. These diffract ion pa t-

terns allow to access structural information of both the neutral molecule and the core -hole species generated up-

on photoabsoption [3]. 

     The advent of third-generation synchrotron 
radiation facilities, in combination with high 
energy-resolution detection techniques , has 
opened the way for the investigation of vibra-
tionally-resolved inner-shell photoionization in 
small molecules, where an electron is emitted 
from a 1s orbital of a first-row atom. We pre-
sent a study on B 1s photoionization of BF3 , 
comparing experimental results with full first-
principle calculations and showing that the most 
relevant features can be understood by means of 
simple models. 

In order to calculate vibrationally-resolved 
cross sections, we have evaluated (bound and 
continuum) electronic wave functions using the 
static-exchange and the time-dependent DFT 
methods [4], developed by Decleva and colla b-
orators, for different molecular geometries 
along the totally symmetric stretching mode. 
This mode is the most affected by the structural 
rearrangement accompanying core ionization [1, 
2]. Our theoretical results are in good agreement 
with experimental measurements from SOLEIL 
synchrotron and, at high energies, qualitatively 
agree with a first-Born approximation model. 

We have found that the relative cross sec-
tions show clear oscillations in the high-energy 
region as a function of photoelectron mome n-
tum which are due to an intramolecular scatter-
ing mechanism: in its way out of the molecule, 
the photoelectron is diffracted by the  surround-
ing atomic centers, encoding the geometry of 
the molecule [1, 2, 3]. Very close to the pho-
toionization threshold a complete trapping of 
the photoelectron is observed, manifesting itself 

as an emission angle dependent shape resonance 
feature [1, 2]. 

Figure 1. Calculated cross section (upper panel) for 

different molecular orientations and vibrationally re-

solved cross section in the totally symmetric stretch-

ing mode (lower panel) for the case of randomly ori-

ented molecules. 
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