
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Attosecond charge migration and its laser control
To cite this article: P M Kraus et al 2015 J. Phys.: Conf. Ser. 635 112136

 

View the article online for updates and enhancements.

You may also like
Quantum Engineering of Helical Charge
Migration in HCCI
ChunMei Liu,  , Jörn Manz et al.

-

Charge migration induced by attosecond
pulses in bio-relevant molecules
Francesca Calegari, Andrea Trabattoni,
Alicia Palacios et al.

-

Customizing superior surface insulation
properties of polymeric dielectric via in-
plane molecular chain orientation
Jiakai Zeng, Zhiyuan Li, Yihan Zhou et al.

-

This content was downloaded from IP address 3.135.213.214 on 25/04/2024 at 20:05

https://doi.org/10.1088/1742-6596/635/11/112136
https://iopscience.iop.org/article/10.1088/0256-307X/39/12/123402
https://iopscience.iop.org/article/10.1088/0256-307X/39/12/123402
https://iopscience.iop.org/article/10.1088/0953-4075/49/14/142001
https://iopscience.iop.org/article/10.1088/0953-4075/49/14/142001
https://iopscience.iop.org/article/10.1088/1361-6463/ad337a
https://iopscience.iop.org/article/10.1088/1361-6463/ad337a
https://iopscience.iop.org/article/10.1088/1361-6463/ad337a
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvic9aFoHEnsKMoEZ5h3CFLcNdx3LM4-gIiSAa-kLu9P4IseqRLB_2c6jjq4Gn3ZWoDC2YoOyFBZzfF4XAKahOauPGg8NXohbKEbatQKTknCfO59iPb-ZFxzRFCaYRumLYMRCjcMUV9BJraQf-HYVMotYLlhpV2SxbSWjHciHQR5oWCnANIgR-qeewBqG4BcxW7OxcmOy7xNS2QFiI7lrYLnzEoZ8lvdTBNlZphFn8JDhA3KQMOlxpJrXePBZoj2RvEtDs6O9XuQJOvlXytphhLKUrmYRcOd80HRshqIkBtaz8FJLzUBdKmir1bb7H5D7u__K4Bmy2b12AuEGThr50&sig=Cg0ArKJSzDjZ-v9mfpWc&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Attosecond charge migration and its laser control 

P. M. Kraus1*, B. Mignolet2, D. Baykusheva1, A. Rupenyan1, L. Horný1, E. F. Penka3, O. I. Tolstikhin4, 

J. Schneider1, F. Jensen5, L. B. Madsen6, A. D. Bandrauk3, F. Remacle2 and H. J. Wörner1† 

1Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich, Switzerland 
2Department of Chemistry, B6c, Université de Liège, B4000 Liège, Belgium 

3Laboratoire de Chimie Théorique, Université de Sherbrooke, Québec, Canada, J1K 2R1 
4Moscow Institute of Physics and Technology, Dolgoprudny 141700, Russia 

5Department of Chemistry, Aarhus University, 8000 Aarhus C, Denmark 
6Department of Physics and Astronomy, Aarhus University, 8000 Aarhus C, Denmark 

Synopsis: We advance high-harmonic spectroscopy to resolve molecular charge migration in time and space and simultane-

ously demonstrate extensive control over the process. A multidimensional approach enables us to reconstruct both quantum 

amplitudes and phases with a resolution of better than 100 attoseconds and to separately reconstruct field-free and laser-

driven charge migration. Our techniques make charge migration in molecules measurable on the attosecond time scale and 

open new avenues for laser control of electronic primary processes.  

     The spatial migration of an electron hole follow-

ing excitation or ionization is a fundamental process 

in nature and engineering.  Charge migration con-

trols the regioselectivity of chemical reactions, en-

ergy transport in biological systems and underlies 

molecular electronics. Moreover, charge migration 

following ultrafast ionization has been predicted to 

provide direct information on electron correlation in 

molecules [1]. The extreme spatio-temporal scales 

of charge migration pose major challenges to the 

latest techniques of time-domain spectroscopy.  

Here, we experimentally study charge migration on 

the attosecond time scale and demonstrate laser 

control over the dynamics. We develop high-

harmonic spectroscopy (HHS) further to perform a 

direct reconstruction of time-dependent populations 

and phases of electronic eigenstates from measured 

amplitudes and phases of the harmonic radiation 

with a resolution of about 100 as. Photorecombina-

tion dipole moments and the angular variation of 

strong-field ionization rates of the relevant eigen-

states of the cation are the necessary input in the 

reconstruction. This procedure allows us to charac-

terize field-free charge migration in spatially-

oriented iodoacetylene (ICCH) molecules as depict-

ed in the picture below. 

We further demonstrate extensive laser control over 

the charge migration by controlling the orientation 

of the molecules [2,3], which enables us to sepa-

rately reconstruct field-free and laser-driven charge 

migration. The laser-driven charge migration fun-

damentally differs from the field-free process. We 

find significant population transfer between the two 

relevant electronic eigenstates for both investigated 

wavelengths (800 nm and 1300 nm) as depicted 

below. This is mediated by a strong dipole coupling 

between the two lowest-lying eigenstates of the cat-

ion. 

Our results enable the direct reconstruction of elec-

tronic state populations. They thus constitute a 

unique experimental access to the rich variety of 

field-free charge migration in molecules. Moreover, 

laser-control over charge migration in molecular 

systems opens new perspectives for controlling 

chemical reactions on the electronic time scale [4]. 
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