
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Ultrafast imaging of the Renner-Teller effect in a
field-dressed molecule
To cite this article: K Amini et al 2020 J. Phys.: Conf. Ser. 1412 092001

 

View the article online for updates and enhancements.

You may also like
Investigation of Structural Fatigue in
Spinel Electrodes Using In Situ Laser
Probe Beam Deflection Technique
Kyung Yoon Chung and Kwang-Bum Kim

-

Cooperative Jahn–Teller phase transition
of icosahedral molecular units
Seyed H Nasrollahi and Dimitri D
Vvedensky

-

Unified description of the cooperative
Jahn-Teller effect in FeCr2S4 and the
impurity Jahn-Teller effect in
CoCr2S4:Fe2+

L F Feiner

-

This content was downloaded from IP address 91.116.32.178 on 01/06/2022 at 09:14

https://doi.org/10.1088/1742-6596/1412/9/092001
https://iopscience.iop.org/article/10.1149/1.1426396
https://iopscience.iop.org/article/10.1149/1.1426396
https://iopscience.iop.org/article/10.1149/1.1426396
https://iopscience.iop.org/article/10.1149/1.1426396
https://iopscience.iop.org/article/10.1149/1.1426396
https://iopscience.iop.org/article/10.1149/1.1426396
https://iopscience.iop.org/article/10.1088/1361-648X/29/6/065401
https://iopscience.iop.org/article/10.1088/1361-648X/29/6/065401
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://iopscience.iop.org/article/10.1088/0022-3719/15/7/017
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvuLkaiz45yNYKPuP-uYwV_FUMCvCc6LNjgrB16lFGkhUC41O7REwzMzT9rXuApZJ-eUNK4B9RYC-CJjG1JTODHUQWF_t6oJ_tGHxGllLs8lLqeEjnYRkHDM_F5nIfCTeRu1QM21xXKEw4cLYN4USCqHvhZXQNcfd0_b5Br8UQuS-QMyE0YqAIRYzP3rDnp8MvXE6EepmR_bZVScmBAy-yTxHopDU8ebIPSitZO9NSRg76ViiuVCHxQtBPMdE609mBPmWknl_ReY8feCy9YQcP4Rm3TCdBAh3g&sig=Cg0ArKJSzB_ghgehEOiR&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/individual-membership%3Futm_source%3DIOP%26utm_medium%3D1640x440%26utm_campaign%3D2022Membership%23community


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

Published under licence by IOP Publishing Ltd

ICPEAC2019

Journal of Physics: Conference Series 1412 (2020) 092001

IOP Publishing

doi:10.1088/1742-6596/1412/9/092001

1

Ultrafast imaging of the Renner-Teller effect in a field-dressed molecule 
 

K Amini1,2, T Steinle1, M Sclafani1, M Shaikh1, A Sanchez1, X Liu1, A T Le3, J Steinmetzer4, 
T Pfeiffer5, R Moshammer5, J Ullrich5,6, M Lewenstein1,7, R Moszynski2, J G de Abajo1,7, C D Lin3,          

S Gräfe4,8 and J Biegert1,7* 
 

1 ICFO - Institut de Ciencies Fotoniques, The Barcelona Institute of Science and Technology, 08860 Castelldefels  
(Barcelona), Spain 

2Department of Chemistry, University of Warsaw, Warsaw, Poland 
3Department of Physics, J. R. Macdonald Laboratory, Kansas State University, Manhattan, KS, USA 

4Institute of Physical Chemistry, Friedrich-Schiller University, Jena, Germany 
5Max-Planck-Institute für Kernphysik, Heidelberg, Germany 

6Physikalisch-Technische Bundesanstalt (PTB), Braunschweig, Germany 
7 ICREA, Pg. Lluís Companys 23, 08010 Barcelona, Spain 

8Abbe Center of Photonics, Friedrich-Schiller University, Jena, Germany 
 
 

Synopsis  We present experimental results of linear-to-bent transition of field-dressed molecules, mediated by 
Renner-Teller effect. Using the state-of-the-art laser-induced electron diffraction (LIED) technique, we image a 
bent and symmetrically stretched carbon disulfide (CS2) molecule populating an excited electronic state under 
the influence of strong laser field. Our findings are well-supported by ab initio quantum mechanical calculations.  

 
High-resolution ultrafast dynamics of struc-

tural changes are essential in the real-time ob-
servation of chemical reactions.  Here, we ob-
serve ultrafast structural changes in CS2 with a 
single-pulse excitation and imaging under the 
influence of strong laser field [1].  

The experiment was performed using the 
LIED technique [2, 3] with the help of a pas-
sively CEP-stable mid-IR OPCPA laser system 
(3.2µm, 110fs, 160 kHz) [4] coupled with a re-
action microscope [5], the latter of which is ca-
pable of measuring the full three-dimensional 
momenta of all charged particle species. 

LIED probes an object’s structure using its 
own electrons that are elastically re-scattered 
during strong-field induced re-collisions, as ex-
plained by the semi-classical re-collision model 
[6]. The excursion time of the rescattering elec-
tron and its high momentum transfer (~ 9.5 A-1) 
provide a sub-femtosecond temporal resolution 
and picometre spatial resolution, respectively.  

Our experimental findings show that the vi-
bronic excitation of neutral CS2 to a bent and 
symmetrically stretched structure occurs during 
the rising edge of our LIED laser field, as illus-
trated in Fig. 1. Our ab initio quantum dynam-
ical calculations show that the measured bent 
structure in CS2 in the presence of strong field is 
due to a linear-to-bent structural change mediat-
ed by the Renner-Telller effect, and is a conse-

quence of the coupling of rovibronic states to 
the electronic states. 

 

 
 
Figure 1. The CS2 molecule is initially stretched and 
bent by 10 (at tp) before leading to a bent CS2 structure 
that is ionized (at ti) and imaged by high-energy re-
scattering electrons (at tr). 

In future work, LIED can be extended to two-
pulse pump-probe studies to investigate the 
pathways of structural photo-induced chemical 
reactions suh as those in the photoisomerization 
of photoswitching molecules.  
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