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1. THz Emission Spectroscopy (Banerji) 

Philipp Krauspe*, Demetra Tsokkou, Julien Rehault, Natalie Banerji  

philipp.krauspe@dcb.unibe.ch 

Terahertz Emission Spectroscopy (TES) is a versatile technique to monitor ultrafast processes in 
material systems such as perovskites, semiconductors or organic semiconductors which are the focus 
of this work. With TES we can monitor ultrafast electronic processes through the emission of photons in 
the THz frequency range. Therefore, we subject the material system to an external bias field and excite 
it with an ultrashort light pulse (35 fs) leading to the generation of subpicosecond THz waveforms [1]. 
Electric field sensitive species within the material are accelerated by the bias field and thus create the 
THz waveform which is subsequently probed with electro-optic sampling (EOS) [2]. 

In contrast to optical pump THz probe spectroscopy the time resolution in TES is not limited by the 
duration of the THz probe pulse but by the time resolution of the sampling technique. We use this 
advantage to investigate the charge generation mechanisms on a sub picosecond timescale. We hope 
to gain insight of the material properties by comparison to known systems such as GaAs. In this work 
we show waveforms emitted from perovskite, polymer, organic semiconductor and from GaAs. 

[1] Auston, D. H., K. P. Cheung, and P. R. Smith. Picosecond photoconducting Hertzian dipoles. Applied physics 
letters 45.3 (1984): 284-286. 
[2] Wu, Q., and X-C. Zhang. "Free-space electro-optic sampling of terahertz beams." Applied Physics Letters 67.24 
(1995): 3523-3525. 
  
 
2. Ultrafast Science Opportunities at SwissFEL Bernina Instrument (Beaud)  

Gerhard Ingold, Roman Mankowski, Cristian Svetina, Giulia Mancini, Vincent Esposito, Yunpei Deng, 
Bill Pedrini, Paul Beaud, Henrik Lemke*   

henrik.lemke@psi.ch  

The new Bernina Instrument at SwissFEL is specialized in ultrafast Experiments in condensed matter. 
The instrument and performance during first Commissioning and Pilot phase is presented.   

 

3. The Photoinduced Transition in Magnetoresistive Manganites: a comprehensive view 
(Beaud) 

V. Esposito*, L. Rettig, E. Abreu, E. Bothschafter, G. Ingold, M. Kawasaki, M. Kubli, G. Lantz, M. 
Nakamura, J. Rittman, M. Savoini, Y. Tokura, U. Staub, S. L. Johnson, P. Beaud  

vincent.esposito@psi.ch  

We use femtosecond x-ray diffraction to study the structural response of charge and orbitally ordered 
Pr1-xCaxMnO3 (PCMO) thin films across a phase transition induced by 800 nm laser pulses. By 
investigating the dynamics of both superlattice reflections and regular Bragg peaks, we disentangle the 
different structural contributions and analyze their relevant time-scales. The dynamics of the structural 
response are qualitatively different when excited above and below a critical fluence f_c. For excitations 
below f_c the charge order and the superlattice is only partially suppressed and the ground state 
recovers within a few tens of nanosecond via diffusive cooling. When exciting above the critical fluence 
the superlattice vanishes within approximately half a picosecond followed by a change of the unit cell 
parameters on a 10 picoseconds time-scale. At this point all memory from the symmetry breaking is lost 
and the recovery time increases by many order of magnitudes due to the first order character of the 
structural phase transition.  
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4. Laser control of ultra-thin NdNiO3-manganite heterostructures: a path towards 
realization of an ultrafast photo-induced metal to insulator transition (Beaud) 

C. Svetina *, R. Mankowsky, V. Esposito, G. Mancini, H. T. Lemke, U. Staub, M. Radovic, P. Beaud 

cristian.svetina@psi.ch  

In recent years specially designed Transition Metal Oxide (TMO) heterostructures have emerged as a 
new class of artificial materials with moderate properties. For example through element doping, layer 
thickness and interfacial strain engineering both, the electronic and magnetic properties, can be and 
controlled [1,2]. Moreover, ultrashort optical pulses with suitable fluence and wavelength can be used to 
manipulate material properties dynamically. e.g. induce of magnetic, electronic and structural phase 
transitions have been demonstrated [3-6]. In this study we propose to achieve a photo- controlled 
metal-to-insulator transition by combining the above strategies. 

Here we focus on nickelate-manganite ultra-thin heterostructures: NdNiO3-La0.67Sr0.33MnO3 (NNO 5 u.c 
- LSMO 15 u.c.) and NdNiO3-La0.33Ca0.67MnO3(NNO 5 u.c. - LCMO 15 u.c.). The main difference 
between these two systems is the magnetic order of the manganite under-layers which is ferromagnetic 
(FM) for LSMO and antiferromagnetic (AFM) for LCMO, while the structural symmetry is likely the 
same. In previous ARPES static studies it has been shown that the NNO-LSMO sample behaves as a 
metal at all temperatures while the NNO-LCMO system acts as an insulator with no evidence of charge 
transfer between the under-layer and the top layer in both systems [7]. Since the ground state of ultra-
thin NNO is insulating, the NNO-LSMO system is a possible candidate to realize a metal-to-insulator 
transition if someone finds a way to selectively melt the magnetic order of the LSMO layer. Recently it 
has been shown for a similar manganite that this can be achieved by exciting a specific vibrational 
mode with an ultra-short mid-infrared (mid-IR) laser pulse [8]. 

Preliminary 800nm-pump/800nm-probe reflectivity measurements confirm the different behaviour of the 
two systems in agreement with the transport measurements - but lack the desired selectivity. The next 
step will be to excite a specific vibrational mode of the manganite layer pumping with ultra-short mid-IR 
pulses and probe the electronic response of the nickelate layer with 800 nm and terahertz (THz) 
radiation. Furthermore, we intend to use X-ray diffraction techniques at the Swiss- FEL Bernina 
experimental station to elucidate the dynamic mechanism by directly following the evolution of the 
structural distortions through the layer interfaces while inducing the phase transition.  

[1] S. Heo et al., Scientific Reports 7, 4681 (2017) 
[2] M. Wu et al., Phys. Rev. B 88, 125124 (2013) 
[3] A. D. Caviglia et al., Phys. Rev. B 88, 220401 (2013) 
[4] P. Ruello et al., Phys. Rev. B 76, 165107 (2007) 
[5] P. Beaud et al., Nature Materials 13, 923-927 (2014) 
[6] A. D. Caviglia et al., Phys. Rev. Lett. 108, 136801 (2012) 
[7] Z. Z. Ristic et al. “Alleviating Paramagnetic-Insulator phases in ultra-thin NdNiO3 films in proximity with 
magnetic under-layers”, in preparation 
[8] M. Forst et al., Phys. Rev. B 84, 241104(R) (2011)  
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5. The Ultrafast Investigation of the Photocycle of Carbon Nanodots (Cannizzo) 

A. Sciortino*, M. Gazzetto, E. J. Rohwer, L. Sciortino, T. Feurer, F. Messina, A. Cannizzo  

alicesciortino@gmail.com  

 
Carbon nanodots (CDs) are a new class of optically-active carbon-nanomaterials discovered 10 years 
ago consisting in ≤10 nm nanoparticles composed by carbon, oxygen, nitrogen and hydrogen. Both 
their structure (core and surface) and the specific optical characteristics depend on the synthesis 
procedure, but, in the literature, the great part of the samples gather the same properties: bright tunable 
fluorescence in all the UV-VIS spectral range, high water solubility, high sensitivity to local environment 
and non-toxicity. All of these characteristics allow the use of CDs in many applications as bioimaging, 
optoelectronics and nanosensing.  

Despite the existence of many works in literature, there are still many open questions which regard, for 
example, the origin of the tunability of the fluorescence and the interactions with the external 
environment. To answer some of the open questions, we studied the optical characteristics of a sample 
of CDs which shows the very new core structure of b-C3N4. This sample shows a clear absorption 
feature in the visible range (around 400 nm) and an unstructured absorption at longer wavelengths. Our 
studies are various and include, for example, a solvatochromic investigation through which we 
understood the excitonic nature of the electronic transition, the study of the interaction with metal ions in 
solution which allowed us to go deeply inside the photocycle of CDs and of CD-Cu2+ complexes, where 
the emission is typically quenched, and an ultrafast hole burning experiment at variable wavelength 
which addresses the origin of the tunability of the fluorescence and disentangles the inhomogeneous 
and homogeneous broadening of their electronic transitions. 

  
 
6. Skyrmion optical creation/annihilation in a chiral magnet (Carbone)  

Gabriele Berruto*, Ivan Madan, Yoshie Murooka, Giovanni Maria Vanacore, Enrico Pomarico, Damien 
McGrouther, Yoshihiko Togawa, Fabrizio Carbone  

gabriele.berruto@epfl.ch  

We show that single light pulses of different duration and color can create and annihilate skyrmions for 
a broad range of parameters in the magnetic phase diagram of a 50 nm-thick slab of FeGe, a 
prototypical chiral magnet. Using a combination of camera-rate and ns pump-probe cryo-Lorentz 
Transmission Electron Microscopy, we directly resolve the spatio-temporal evolution of the 
magnetization ensuing (fs and ns) optical excitation. When we excite optically the skyrmion lattice, its 
structural parameters are not modified, only the magnetization being affected: it transiently decreases, 
and recovers to the initial value over long (𝜇s) time scales, reflecting the important role of the cooling 
rate of the system. The laser pulses transiently heat the system, driving it into a region of the phase 
diagram where the appearance of skyrmions is strongly favored, but still staying far below the Curie 
temperature. The system then supercools down to base temperature, and skyrmions remain frozen into 
their (meta)stable state. The skyrmion topological charge is injected from edges, defects, and magnetic 
boundaries.  

G. Berruto, I. Madan et al., Speed limit of optical creation/annihilation in FeGe, arXiv:1709.00495.  
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7. meV Resolution in Laser-Assisted Energy-Filtered Transmission Electron 
Microscopy (Carbone) 

Enrico Pomarico*, Ivan Madan, Gabriele Berruto, Giovanni Maria Vanacore, Kangpeng Wang, Ido 
Kaminer, F. Javier García de Abajo, and Fabrizio Carbone  

enrico.pomarico@epfl.ch  

 
The electronic, optical, and magnetic properties of quantum solids are determined by their low-energy 
(<100 meV) many-body excitations. Dynamical characterization and manipulation of such excitations 
rely on tools that combine nm-spatial, fs-temporal, and meV-spectral resolution. Currently, phonons and 
collective plasmon resonances can be imaged in nanostructures with atomic (sub-nm) and tens of meV 
space/energy resolution using state-of-the-art energy-filtered transmission electron microscopy (TEM), 
but only under static conditions, while fs-resolved measurements are common but lack spatial or energy 
resolution. Here, we demonstrate a new method of spectrally resolved photon-induced near-field 
electron microscopy (SRPINEM) that allows us to obtain nm-fs-resolved maps of nanoparticle plasmons 
with an energy resolution determined by the laser line width (20 meV in this work) and no longer limited 
by the electron beam and spectrometer energy spreading. This technique can be extended to any 
optically accessible low-energy mode, thus pushing TEM to a previously unattainable spectral domain 
with an unprecedented combination of space, energy, and temporal resolution.  

 
8. Broadband deep-UV Transient Absorption of Excited-States Dynamics in DNA 
Oligomers (Chergui) 

Benjamin Bauer *, Malte Oppermann, Frank van Mourik, Majed Chergui  

Benjamin.Bauer@epfl.ch  

 
DNA molecules are an ideal model system to study the effect of different interactions on the excited-
state dynamics. By changing the molecular structure we can tailor the interactions - switch on and off 
different relaxation channels - and get a deeper understanding on the relaxation dynamics. We 
investigate biomolecules in their natural environment - an aqueous solution - and can thereby study the 
ultrafast nonradiative internal conversion of energy in the excited state. Hence we get insights how 
excited DNA molecules relax on an ultrafast time scale.   

Auböck et al.– Rev. Sci. Instrum., vol. 32 (2012)  
Baum et al.– Optics Letters, vol. 29 (2004)  
Schreier et al.– Annu. Rev. Phys. Ch., vol. 66 (2015)  
Kleinermanns et al. – Int.Rev. Phys.Ch., vol. 32 (2013)  
Chen et al. – Springer Int. Publish., vol. 136 (2015)  
Kohler (2017) – Pan Stanford  
Middleton et al.-Annu. Rev. Phys.Ch., vol. 60 (2009) 
  
 
9. Charge-injection at the lead bromide perovkiste - anatase interface (Chergui) 

T. Rossi*, L. Wang, M. Oppermann, L. Mewes, S. Carlessi, M.-C. Tsai, Y.H. Chiang, P. Chen, T.-F. 
Guo, M. Chergui  

t.rossi@epfl.ch  

The role of anatase in perovsite solar cells has been a controversial topic over the last few years since 
better efficiencies are obtained by replacement with alumina. In this study, electron injection at the 
interface between methylammonium lead bromide perovskite (MAPbBr3) and anatase (TiO2) is 
investigated by time-resolved broadband UV and Visible spectroscopy.  
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10. A broadband femtosecond circular dichroism spectrometer in the deep-UV 
(Chergui) 

Malte Oppermann, Benjamin Bauer, Thomas Rossi, Frank van Mourik, Majed Chergui* 

malte.oppermann@epfl.ch 

Circular dichroism (CD) denotes the difference in absorption of left- and right-handed circularly 
polarized light and is a well-established tool in analytical biochemistry. In the deep-UV range (< 300 
nm), it is sensitive to the coupling and thus spatial arrangement of transition dipoles on amino acid 
residues, nucleotides and peptides. Time-resolved CD spectroscopy (TRCD) is thus a promising 
experimental technique that is sensitive to changes in biomolecular configuration as a function of time 
[1], combining the time-dependent electronic information provided by traditional transient absorption 
spectroscopy with the structural information encoded in the chirality of molecular systems. 
Nevertheless, technical challenges have only allowed for slow progress with regards to the 
experimental implementation of TRCD [2].  

We now present the first broadband femtosecond TRCD setup in the deep-UV, which employs 
exceptionally broadband probe pulses (250–370 nm) with low intensity noise (< 1% rms) at 20 kHz 
repetition rate. We achieve shot-to-shot data acquisition [3] and polarization state switching via a 
photoelastic modulator. Through polarization scrambling prior to dispersive detection and the 
elimination of polarization sensitive optics, we successfully minimize polarization artefacts in both static 
and transient CD spectra. Here, we demonstrate the capabilities of the setup via its application to 
enantiomerically pure samples of Λ- and Δ -[Ru(bpy)3]2+, whose ligand-centred transition dipoles couple 
to give a strong CD signal centred at about 285 nm. The figure below compares the static and TRCD 
spectra of the two enantiomers, where an excellent symmetry is achieved in both cases. For TRCD, a 
395 nm pump pulse induces a metal-to-ligand-charge-transfer, which reduces the probed CD signal.  

 

Static (left) and transient CD (right) of Λ- and Δ -[Ru(bpy)3]2+ in aqueous solution, pumped at 395 nm 
with a 50 ps delay. For the static CD, the TRCD setup is compared to a commercial CD spectrometer. 

[1] R. A. Goldbeck et al., Annu. Rev. Phys. Chem. 48, 453 (1997).  
[2] J. Meyer-Ilse et al., Laser Photon. Rev. 7, 495 (2013). 
[3] G. Auböck et al., Rev. Sci. Instrum. 83, 093105 (2012). 
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11. Ultrafast exciton dynamics in CH3NH3PbBr3 single crystals (Chergui)  

Tania Palmieri*, Edoardo Baldini, Giulia Grancini, Ana Akrap, Marton Kollar, Endre Horvath, Majed 
Chergui  

tania.palmieri@epfl.ch  

In the last years, organo-lead halide perovskites have proved to be superior materials for photovoltaic 
and optoelectronic applications [1,2]. In these devices, when a large charge-carrier density is injected, 
the strong interaction between the excited species results in the appearance of many-body effects and 
optical nonlinearities, which renormalize the band structure and consequently the optical spectra [3]. 
Here, we investigate the dynamics of excitonic optical nonlinearities upon optical excitation in 
CH3NH3PbBr3 single crystals by combining spectroscopic ellipsometry and ultrafast optical 
spectroscopy with high time resolution (∼50 fs) to access the changes in the absolute reflectivity 
spectrum. By modeling the steady-state optical properties and iterate over the time-resolved data, we 
measure the photoinduced changes in the complex optical quantities of the material – dielectric function 
and index of refraction - without the use of any approximations. The quantitative lineshape analysis 
reveals a broadening of the fundamental exciton transition of the material along with a decrease of its 
oscillator strength and a red shift of the peak energy in the first 500 fs. These effects can be related to 
at least three sources of nonlinearity: long-range Coulomb screening, exciton bleaching, and bandgap 
renormalization. Our results reveal new details about charge carrier cooling and many-body interaction, 
and provide a precise method to analyse in details the pump-probe spectrum of hybrid perovskites in 
presence of exciton-carrier interaction.  

[1] Green, M. A. et al. "The emergence of perovskite solar cells". Nat. Photonics 8, 506–514 (2014).  
[2] Stranks, S. D. et al. "Metal-halide perovskites for photovoltaic and light-emitting devices". Nat. Nanotechnol. 10, 
391–402 (2015).  
[3] Feneberg, M. et al. "Band gap renormalization and Burstein-Moss effect in silicon-and germanium-doped 
wurtzite GaN up to 10x20 cm−3". Phys. Rev. B 90(7), 075203 (2014). 
 
 
12. FEL based xuv coherent raman spectroscopy(crs) in backscattering configuration 
(Feurer) 

Georgios Pamfilidis*, Gregor Knopp*  

georgios.pamfilidis@psi.ch  

We intended to demonstrate the detection of coherent Raman signals in a back scattering 
configuration. Using the mini-TIMER setup in the DIPROI end station. We were able to directly compare 
the two measurements by detecting transmission and reflection in parallel. 

Typical penetration depths of XUV radiation into solids are in the range of a few hundreds of 
nanometers only. However, the positive outcome of the former experiments, performed in transmission 
configuration, but with a short penetration depth indicates that measurement in backward direction are 
most likely feasible. We observed backscattered signals with comparable magnitude as the forward 
directed signals.  

In this respect, the experiments can be seen as a complementary method to the former CRS 
experiments performed in forward (transmission) direction and upon success will significantly increase 
the number of possible applications using XUV-CRS.  
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13. Single cycle THz pulse-induced Stark effect observed in ground state spectrum of 
liquid-phase solvated molecules (Feurer)  

 Egmont Rohwer*, Zoltan Ollmann, Jacques Moser, Shi-Xia Liu, Thomas Feurer  

egmont.rohwer@iap.unibe.ch  

 
We report on the implementation of a THz-generation stage using a LiNbO3 prism pumped in a non-
colinear and pulse-tilted scheme. The resulting THz pulse by optical rectification is characterized. The 
new setup increases the achievable maximum electric-field strength to 1 MV/cm. The improvement 
results in observing for the first time a ground state Stark effect in liquid-phase solvated molecules.  

 
 
14. Charge transfer reactions in non-conventional solvents (Feurer, Röthlisberger) 

Anuradha Das* (a), Egmont Rowher (a), Swarnendu Bhattacharyya* (b), Ursula Roethlisberger (b), 
Thomas Feurer (a) 

(a) IAP, University of Bern, (b) LCBC, EPFL  

anuradha.das@iap.unibe.ch  

Can Deep Eutectic Solvents (DES) qualify as an alternative media for sustaining life? With the above 
question in mind, we started with the study of a basic charge transfer reaction of 4-(N ,N′ -
dimethylamino) benzonitrile [DMABN] in DES. The DES used is (0.75 Acetamide+ 0.25 KSCN). Steady 
state absorbance, fluorescence and transient absorption spectroscopy has been studied for the 
aforesaid system at two different temperature.  

Dual emission from the locally excited (LE) and intramolecular charge transfer (ICT) states of the 
molecule, has been observed in DES. The observed change in emission at higher temperature is an 
effect of faster rotation of the N(Me2)-CH bond of DMABN (1). The LE/ ICT ratio and position changes 
with excitation wavelength also. This change of emission band is due to microheterogeneous domains 
present in the DES (2).  

Absorbance spectra over continuous exposure to light hint at the presence of photoproducts. The 
transient absorption spectroscopy results at two temperatures have been compared with other 
conventional polar and non-polar solvents, like acetonitrile and hexane. In general, slowing down of the 
rate of conversion among various energy states has been observed. This change is attributed to the 
change in viscosity and the density fluctuation of the solvent.  

Molecular dynamics simulations on this system have also been carried out to identify the nature of the 
solvent as well as the diffusion pattern of the solute. Estimation of the diffusion coefficient of the solute 
in DES are in process and will be compared to that predicted by the Stokes- Einstein equation. 

1) Druzhinin, S. I.; Ernsting, N. P.; Kovalenko, S. A.; Lustres, L. P.; Senyushkina, T. A.; Zachariasse, K. A. J. Phys. 
Chem. A 2006, 110, 2955. 
2) Guchhait, B.; Gazi, H. A.; Kashyap, H. K.; Biswas, R. J. Phys. Chem. B 2010, 114, 5066.  
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15. Photo-controlling protein allostery in PDZ3 domain (Hamm) 

Olga Bozovic*, Livia Marie Mueler, Claudio Zanobini, Brankica Jankovic, Peter Hamm  

olga.bozovic@chem.uzh.ch  

Biological function of many proteins is modulated by allosteric regulation of their activity. Concept of 
allostery has been expanded and adapted in past decades, with new research pointing towards 
systems which show allosteric behavior without induction of conformational change. PDZ3 domain from 
the protein postsynaptic density-95 (PSD-95) is an example of such a system, where change in overall 
protein dynamics governs the allosteric effect [1]. It has been shown that naturally occurring 
phosphorylation, and therefore destabilization of distal alpha three helix affects the binding affinity of 
this system [2]. We have previously shown that by covalently crosslinking ultrafast reversible 
azobenzene photoswitch to a helical peptide, we were able to induce photo-controlled helix 
folding/unfolding [3]. Our current goal is to apply the same principle to PDZ3 domain protein, and photo-
induce the destabilization of the allosteric element - the third helix.   

[1] Petit, Chad M., et al. Hidden dynamic allostery in a PDZ domain. Proceedings of the National Academy of 
Sciences 106.43 (2009): 18249-18254. 
[2] Ballif, Bryan A., et al. Large-scale identification and evolution indexing of tyrosine phosphorylation sites from 
murine brain. Journal of proteome research 7.01 (2007): 311-318. 

[3] Bredenbeck, Jens, et al. "α-Helix formation in a photoswitchable peptide tracked from picoseconds to 
microseconds by time-resolved IR spectroscopy.” Proceedings of the National Academy of Sciences of the United 
States of America 102.7 (2005): 2379-2384. 
 
 
16. Light induced conformational perturbation of S-protein/S-peptide complex (Hamm)  

Brankica Janković*, Claudio Zanobini*, Olga Božović, Rolf Pfister, Peter Hamm 

brankica.jankovic@uzh.ch  

Ribonuclease S, a non-covalent complex formed upon cleavage of bovine ribonuclease A with subtilisin 
at a single peptide bond, represents very promising model system for studying both protein-peptide 
interactions and folding/unfolding conformational changes. Composed of short N-terminal fragment (S-
peptide) and C-terminal S-protein, ribonuclease S complex has very similar three-dimensional structure 
as its uncleaved counterpart ribonuclease A. However, S-peptide has predominantly helical structure 
while bound to the S-protein, but it is unfolded when free in a solution. Recent computational study 
suggests that S-protein also undergoes relatively large conformational transitions after S-peptide 
unbinding. Those findings together with everlasting debate about the mechanism of peptide-protein 
binding and conformational events, suggest that methods with very high temporal resolution are needed 
to gain a detailed explanation of critical steps in those processes.  

By using transient spectroscopy methods (transient fluorescence and transient IR spectroscopy) our 
aim is to follow conformational changes in time-resolved manner capturing critical steps that take place 
during controlled S-peptide unbinding. In order to be able to study such system, we have designed 
photoswitchable S-peptide variants. Illumination of photoswitchable peptides leads to a controlled 
change in helical structure and unbinding.  

[1] Raines R. Ribonuclease A. Chem Rev 1998, 98, 1045-1065. 
[2] Bachmann A., Wildemann D., Praetorius F., Fischer G., Kiefhaber T. Mapping backbone and side-chain 
interactions in the transition state of a coupled protein folding and binding reaction. PNAS 2011, 108(10), 3952-
3957.   
[3] Luitz M., Bomblies R., Zacharias M. Comparative molecular dynamics analysis of RNase-S complex formation. 
Biophys J 2017, 113, 1466-1474. 
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17. Faster than diffusion? - The intricate quenching dynamics of [Re(CO)3X(diimine)] 
complexes on MOx surfaces (Hamm)  

Ricardo Fernández-Terán*, Kerstin T. Oppelt* and Peter Hamm 

kerstin.oppelt@uzh.ch  

Rhenium tricarbonyl complexes are popular and well-known photosensitizers and photocatalysts in 
systems for light driven water and carbon dioxide reduction, respectively. The CO stretching modes of 
these molecules around 1900-2100 cm-1 serve as probes for the electronic density on the metal centre 
and have a very high extinction coefficient, making them ideal probes for electron transfer (ET) to/from 
the sensitizer [1]. 

Investigations on surfaces such as TiO2 and other metal oxides have been done recently with the 
background of both the possibility of charge injection into metal oxide semiconductors -such as in dye 
sensitized solar cells- and for surface immobilization for electro-, photo- and photoelectrochemical CO2 
reduction [2-5].  

In this work, using hydroquinone as a reductive quencher, we aim to shed some light upon the surface 
quenching dynamics of [Re(CO)3X(diimine)] complexes adsorbed on three distinct mesoporous metal 
oxide surfaces: TiO2, NiO and ZrO2. Their reaction with the excited state of the photosensitizer differs 
strongly due to their ability to accept either electrons or holes resulting in fast oxidation or reduction of 
the attached metal complex. Subsequently, the fate of hydroquinone in presence of the oxidized or 
reduced molecule and the oppositely reduced or oxidized metal oxide surface is a central point of the 
investigations. 

1. A. Rodenberg, M. Orazietti, M. Mosberger, C. Bachmann, B. Probst, R. Alberto, P. Hamm, ChemPhysChem 
2016, 17 (9), 1321-1328. 
2. E. G. Ha, J. A. Chang, S. M. Byun, C. Pac, D. M. Jang, J. Park and S. O. Kang, Chem Comm, 2014, 50, 4462-
4464. 
3. C. D. Windle, E. Pastor, A. Reynal, A. C. Whitwood, Y. Vaynzof, J. R. Durrant, R. N. Perutz and E. Reisner, 
Chem Eur J, 2015, 21, 3746-3754. 
4. Y. Wang, J. B. Asbury and T. Lian, J Phys Chem A, 2000, 104, 4291-4299. 
5. C. L. Anfuso, R. C. Snoeberger, A. M. Ricks, W. Liu, D. Xiao, V. S. Batista and T. Lian, JACS, 2011, 133, 6922-
6925. 
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18. Characterization of Platinum-Hydrogen Vibration by Surface-sensitive Time-
resolved Infrared Spectroscopy (Hamm)  

D. Palecek*, G. Tek*, J. Lan, M. Mauri-Iannuzzi and P. Hamm  

david.palecek@chem.uzh.ch  

Adsorbed hydrogen on metal catalysts, such as platinum, is presumably the primary intermediate of the 
Hydrogen Evolution Reaction (HER) [1]. With the goal of investigating HER intermediates in situ, we 
have characterized the platinum-hydrogen (Pt-H) vibration in gas phase for the first time by means of 
time-resolved infra-red (IR) spectroscopy in Attenuated Total Reflectance (ATR) geometry. ATR 
ensures surface sensitivity for solid-liquid/gas interfaces, while at the same time, ultrafast spectroscopy 
provides information on the dynamics of the adsorbates through their vibrational modes [2]. 

From the ATR IR absorption experiments it is known that the vibrational bands of Pt-H appear between 
2000-2100 cm-1 [3] However CO poisoning makes the unambiguous assignment of the Pt-H vibration a 
non-trivial task because of the strong CO bands in the same spectral region [4]. 

Presented experiments were performed in a gas phase by admission of high purity H2/D2 and CO gases 
to sputter coated thin films (~ 0.1 nm) of Pt. ATR IR absorption experiments revealed Pt-H (2090 cm-1) 
and Pt-D (1490 cm-1) bands, together with (interestingly) three different linearly bound CO species. 
Pump-probe spectra revealed two adsorbed species at 2010 and 2090 cm-1, assigned to Pt-CO and Pt-
H in agreement with ATR IR absorption, respectively. Life-time of the Pt-H band was determined to 
(0.80 ± 0.03) ps which is considerably shorter than the Pt-CO mode due to the stronger coupling of the 
H atom to the metal. 2D ATR IR spectrum provided a clear-cut evidence for the band assignments 
based on the spectral anharmonic shifts, 20 cm-1 for Pt-CO and and 90 cm-1 for Pt-H. The higher 
anharmonic shift of the Pt-H was confirmed by a density functional calculations for a 38 atoms Pt 
cluster with a single adsorbed CO or H. The unambiguous assignment of the adsorbate species was 
possible only because of the information provided by nonlinear time-resolved IR spectroscopy, which 
proves the potential to address some of the fundamental questions in catalysis.  

[1] R. J. Nichols and A. Bewick, J. Electroanal. Chem. 243, 445-453 (1988). 
[2] J. P. Kraack and P. Hamm, Chemical Reviews (2016). 
[3] K. Kunimatsu, et al., Electrochimica Acta 52, 5715-5724 (2007). 
[4] K. Kunimatsu, et al., Langmuir 2 (4), 464-468 (1986).  
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19. Temperature dependence of 2D Raman-THz response of water (Hamm)  

G. Ciardi*, A. Berger*, A. Shalit and P. Hamm  

gustavo.ciardi@chem.uzh.ch, arian.berger@chem.uzh.ch  

Two dimensional Raman-THz spectroscopy, as a new multidimensional spectroscopic technique 
directly in the THz regime [1], was proposed and used in our group to explore the dynamics of low-
frequency intermolecular modes in liquid water and aqueous salt solution [1][2].  

This new approach has given new insights to relaxation dynamic of complex collective hydrogen bond 
networks; the amount of inhomogeneity in the system is quantified by the time persistence of the “echo” 
signal along the diagonal t1=t2 [1] (Fig.1 (a)). The series of measurement aqueous salt solution has 
revealed that the extent of the diagonal feature is directly related to the increase or decrease of 
viscosity driven by different kind of dissolved ions in water; in particular, as salts “structure” water (i.e. 
viscosity increases), the echo feature becomes more pronounced [2]. To have a more complete picture 
regarding the appearance of this extended diagonal component and its connection to viscosity, next 
step is to measure the response of water upon cooling. Cooling water below its freezing point leads 
essentially to the same viscosity change [3] of “structure making” salts but it comes without the addition 
of any external compound. For this reason, water in this temperature region is even a more reliable and 
direct probe of the structure of intermolecular hydrogen bond network and its response would then help 
us to confirm if the appearance and temporal extent of the “echo” feature relates to viscosity effects. 

[1] Savolainen, J., Ahmed, S. & Hamm, P. Proc. Natl Acad. Sci. USA 110, 20402-20407 (2013). 
[2] Shalit A., Ahmed S., Savolainen J. and Hamm P., Nat. Chem. (2016). 
[3] Y. A. Osipov, et al Russ. J. Phys. Chem. 51, 748-749 (1977). 
  
 
20. Development of Water Models for Simulation of Spectra in THz Range (Hamm)  

David Sidler, Peter Hamm*  

david.sidler@chem.uzh.ch  

Spectroscopy in the THz range directly measures dynamics of the extended hydrogen bonding network 
of water. One dimensional absorption and Raman spectra in this spectral range give rise to three 
distinct bands. These bands can be assigned to hydrogen bond bending modes (50 cm-1) hydrogen 
bond vibrations (200 cm-1) and hindered rotations of water molecules (600 cm-1). 

The recently measured 2D-Raman-THz spectrum of water [1] is an attempt to spread out this 
information in two dimensions and therefore gain more information about the dynamics of water. 
Interpretation of the 2D-Raman-THz response is a difficult task and needs the support of molecular 
dynamics simulations. A water model is required, which is both computationally inexpensive, and 
adequately reproduces the 1D absorption and Raman spectra. 

The rigid, polarizable water model TL4P4 [2] is modified to improve its spectral properties. The addition 
of intermolecular hydrogen bonding charge transfer (HBCT), and making the use of anisotropic 
polarizabilities leads to the modified TL4Pa-HBCT model. Both changes only have a minor impact on 
the computation cost, but lead to drastically improved spectra. 

[1] J. Savolainen, S. Ahmed, P. Hamm, Proc. Natl. Acad. Sci. U. S. A. 110, 20402 (2013)  
[2] P. Tröster, K. Lorenzen, M. Schwörer, P. Tavan, J. Phys. Chem. B 117, 9486 (2013) 
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21. Energy Transfer Processes in DNA-Organized, Multi-Segmental Chromophore 
Stacks (Häner) 

Nutcha Buerki*, Caroline D. Bösch, Simon M. Langenegger and Robert Häner  

nutcha.buerki@dcb.unibe.ch  

We are constructing and investigating DNA-based, multi-segmented chromophore systems. This will 
allow us to study energy transfer between chromophore over several intervening DNA bridges and to 
test the limits of the number of consecutive segments that still contribute to energy harvesting. The 
concept of interposed DNA base pairs should enable the construction of chromophore architectures in 
which distinct numbers of light-harvesters and acceptors are placed at well-defined positions - rather 
than distributed randomly - still profiting from a self-assembling synthesis route and, at the same time, 
maintaining DNA base pairing specificity.  

 
 
22. Ultrafast deep-UV 2D and transient CD spectroscopy of peptide backbone 
conformation (Helbing) 

Jasmin Spekowius*, Malte Oppermann, Benjamin Bauer, Rolf Pfister, Majed Chergui, Jan Helbing  

jasmin.spekowius@chem.uzh.ch  

An important motivation for the development of broadband multidimensional spectroscopies in the 
deep-UV is to access electronic couplings in biomolecules. Current broadband 2D-UV setups (e.g., [1]) 
allow probing with an ultrafast time resolution in the range from 250-370 nm, where aromatic amino 
acids and nucleobases absorb. The recent development of a broadband transient CD setup provides an 
additional tool to observe biomolecule structure and ultrafast dynamics in the same probe region [2]. 
Direct access to peptide backbone transitions is not possible in this wavelength regime, as peptide 
bond absorption occurs only below 250 nm. By substituting the oxygen of a peptide carbonyl group with 
sulfur, the strong Ï€-Ï€* absorption of the peptide bond is shifted from 190 nm to around 270 nm, right 
into the accessible probe window [3]. Here, we present the first measurements of a thio-labelled peptide 
backbone by 2D-UV and transient CD spectroscopy. As a model system, we investigate a proline 
containing dipeptide with two thio-substitutions. In the future, we expect thio-substitutions to become a 
powerful UV label to study peptide structure and dynamics with ultrafast broadband techniques.  

[1] G. Auböck, C. Consani, F. van Mourik, and M. Chergui, Opt. Lett. 37, 2337 (2012) 
[2] M. Oppermann, T. Rossi, B. Bauer, F. van Mourik, and M. Chergui, in preparation 
[3] J. Sandstrom, Chirality 12, 162 (2000)  
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23. Towards orbital tomography of excited states: pentacene/Ag(110) 
(Hengsberger/Osterwalder)  

Daniel Schachtler*, Patrick Kretz*, Pavel Kliuiev, Kay Waltar, Cephise Cacho, Matthias Hengsberger, 
Juerg Osterwalder and Luca Castiglioni  

daniel.schachtler@uzh.ch  

 
Orbital tomography provides direct means to reconstruct molecular wave functions from angle-resolved 
photoelectron spectroscopy (ARPES) data. We present preliminary data on a novel system 
(pentacene/Ag(110) bilayers) to directly probe wavepacket dynamics in an excited state.  
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24. Orbital tomography of Pyrphyrin and Cobalt-Pyrphyrin molecules on Ag(110) 
(Hengsberger/Osterwalder)  

Pavel Kliuiev, Tatiana Latychevskaia, Giovanni Zamborlini, Matteo Jugovac, Yeliz Guerdal, Marcella 
Ianuzzi, Juerg Huetter, Vitaliy Feyer, Matthias Muntwiler, Juerg Osterwalder, Matthias Hengsberger and 
Luca Castiglioni*  

luca.castiglioni@physik.uzh.ch  

Spatio-temporal visualization of electron dynamics in molecular adlayers is necessary for further 
advancement in efficiency of organic light-emitting diodes, photovoltaic cells and photocatalytic devices. 
Angle-resolved photoelectron spectroscopy (ARPES) of well-ordered layers of organic large planar 
molecules provides means for unequivocal reconstruction of initial state molecular wave functions [1,2]. 
Within the plane wave approximation for the photoelectron final state, the ARPES intensity distribution 
is proportional to the squared modulus of the Fourier transform of the initial state wave function. The 
latter can be retrieved by reconstructing the phase distribution in the detector plane using phase 
retrieval algorithms [2] and computing the inverse Fourier transform of the obtained complex-valued 
photoelectron momentum map distribution. 

In this work, we studied Pyrphyrin (Pyr) and Cobalt-Pyrphyrin (CoPyr) molecules, which exhibit activity 
as water reduction catalysts to produce hydrogen in photochemical water splitting. The mechanism is 
based on charge transfer from the lowest unoccupied molecular orbital (LUMO) to a water molecule. 
Hence, visualization of Pyr and CoPyr wave functions is highly desirable. We recorded photoelectron 
angular distribution maps of Pyr and CoPyr on Ag(110) using photoemission electron microscope 
(PEEM) operating in momentum mode. In each case, we could identify several molecular states above 
the Fermi level. The real space amplitudes and phases of the correspondent wave functions were 
reconstructed using our phase retrieval algorithm [2]. To compare the reconstruction results with the 
theory, the orbitals were simulated using density functional theory (DFT) for the cases when molecules 
are located in free space and on the Ag(110) substrate. While most of the reconstructed orbitals agree 
with the simulated ones, the comparison of the corresponding experimental intesity distibutions in the 
reciprocal space with those obtained with the DFT suggest multiple orientational domains of the 
molecules on the substrate. Furthermore, low energy electron diffraction (LEED) data predict the 
existence of two molecular lattices on the Ag(110). To exactly determine the spatial orientation of the 
molecules, we performed x-ray photoelectron diffraction (XPD) measurements of Pyr and CoPyr on N1s 
and Co2p states. The processing of the XPD data is underway.  

Overall, the differences between the reconstructed and theoretical orbitals of Pyr and CoPyr on Ag(110) 
may be attributed to three different factors: (1) Break-down of the plane wave approximation for 
molecules with the Cobalt atom, (2) Inability of the DFT to correctly simulate the molecular wave 
functions in view of highly complex substrate-molecule interaction, (3) Multiple orientational domains of 
the molecules, which result in incoherent summation of the photoelectron signal in the far field. The 
latter would require deciphering the individual signals using statistial methods, such as independent 
component analysis [3].  

[1] P. Puschnig, S. Berkebile, A. J. Fleming, G. Koller, K. Emtsev, T. Seyller, J. D. Riley, C. Ambrosch-Draxl, F. P. 
Netzer, and M. G. Ramsey, Reconstruction of Molecular Orbital Densities from Photoemission Data, Science 326, 
702 (2009).  
[2] P. Kliuiev, T. Latychevskaia, J. Osterwalder, M. Hengsberger, and L. Castiglioni, Application of iterative phase-
retrieval algorithms to ARPES orbital tomography, New Journal of Physics 18, 093041 (2016).  
[3] A. Hyvärinen, J. Karhunen, and E. Oja. Independent component analysis. Vol. 46. of Adaptive and Cognitive 
Dynamic Systems: Signal Procvessing, Learning, Communications and Control. John Wiley & Sons (2004).  
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25. Optical Detection of Spin Hall Effect in Magnetic Thin Films (Heyderman) 

S. Saha*, T. P. Dao, M. Baumgartner, E. Kirk, P. Gambardella, V. Scagnoli, and L. J. Heyderman 

susmita.saha@psi.ch  

The spin Hall effect [1] is an emerging phenomenon where the properties of electrical charge current 
can be transferred to the electron-™s intrinsic angular momentum (spin current), and vice versa. This 
enables a mutual data transfer between spin and charge, and the generated spin currents can be used 
to manipulate magnetic moments as well as the intrinsic damping of the ferromagnetic material [2-4]. 
These phenomena have a high potential for the development of future low-power electronics based on 
the spin-orbit interaction. For this, we will use a time-resolved magneto-optical Kerr effect microscope 
(TR-MOKE), which has the best spatial and temporal resolution to measure the damping of the 
ferromagnetic film induced by current injection in an underlying heavy metal layer. The observations will 
significantly contribute to the field of spintronics.  

[1] Sinova et al., Rev. Mod. Phys. 87, 1213 (2015). 
[2] Ando et al. Phys. Rev. Lett. 101, 036601 (2008). 
[3] Miron et al. Nature 476, 189-93 (2011). 
[4] L. Liu et. Al., Science, 336, 555-558 (2012).  
 
 
26. Structural phase transitions induced by inverse and ionic Raman scattering 
(Johnson) 

M. J. Neugebauer*, T. Huber, M. Savoini, S. Grübel, L. Huber, T. Kubacka, C. Dornes, E. Abreu, M. 
Kubli, E. Bothschafter, L. Rettig, J. Rittmann, V. Esposito, D. Juraschek, P. Engeler, N. Spaldin, P. 
Beaud, G. Ingold, J. Demsar, S. L. Johnson  

mj.neugebauer@phys.ethz.ch  

The structural dynamics associated with the Raman-active amplitude mode of the charge density wave 
(CDW)-state in K0.3MoO3 were probed with ultrashort x-ray pulses. In a first experiment the system’s 
response to different excitation fluences was investigated [1]. Starting in a regime of coherent 
oscillations, increasing the excitation fluence leads to a complete melting of the ordered state. 
Remarkably, a further increment to the fluence results in a short recovery of the CDW on a sub-
picosecond time scale. In follow-up measurements, we could create a second recovery by applying 
another photoexcitation to the first one. This recovery control may help to enhance our theoretical 
understanding of transitions equivalent to the one from a CDW- to a metallic state in K0.3MoO3. 

As a next step in the exploration of photoinduced phase transitions we are currently investigating the 
possibility of driving simple structural phase transitions in perovskites in the electronic ground state. For 
this we excite an infrared-active mode at high frequency that according to theoretical predictions 
couples to a lower frequency Raman-active soft mode. The excitation pulses are created in a difference 
frequency generation setup, whose performance we are optimizing at present.  

[1] T. Huber, S. O. Mariager A. Ferrer, H. Schäfer, J. A. Johnson, S. Grübel, A. Lübcke, L. Huber, T. Kubacka, C. 
Dornes, C. Laulhé, S. Ravy, G. Ingold, P. Beaud, J. Demsar, S. L. Johnson, Phys. Rev. Lett. 113, 026401 (2014).  
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27. Exploring the band curvature of low-bandgap semiconductors using few-cycle THz 
2D-spectroscopy (Johnson) 

L. Huber, S. Houver*, M. Savoini, S. L. Johnson  

shouver@phys.ethz.ch  

We present 2D-THz experiments in the range between 1-10 THz in a reflective geometry investigating 
the electronic band-nonlinearities of InSb and InAs, using THz electric fields. In the very first 
picoseconds after excitation, coherent motion dominates the nonlinear response. Using 2D THz 
spectroscopy, we show that we can follow the continuous ballistic trajectory of the out-of-equilibrium 
electron population of InSb and InAs. By using cross-polarized beams to separate contributions to the 
nonlinear response of different parity, we observe distinct features in the 2D spectra.  

 
 
28. Ultrafast demagnetization dynamics in TbMnO3 (Johnson)  

Elsa Abreu, E. Bothschafter, L. Rettig, T. Kubacka, S. Parchenko, M. Porer, C. Dornes, Y. W. Windsor, 
M. Ramakrishnan, A. Alberca, S. Manz, J. Saari, S. M. Koohpayeh, M. Fiebig, T. Forrest, S. S. Dhesi, 
S. L. Johnson, U. Staub  

elsabreu@phys.ethz.ch  

TbMnO3 is a well-studied low temperature multiferroic. Below 41 K the magnetic system orders 
antiferromagnetically into a spin density wave. Upon further cooling, below 27 K, the magnetic order 
changes to cycloidal and a ferroelectric polarization arises. 

We present our results on photoinduced demagnetization dynamics in TbMnO3, following excitation at 
1.55 eV and 3 eV photon energies. The magnetic and orbital orders are tracked via the (0 q 0) and (0 
2q 0) reflections, respectively, using polarization dependent resonant X-ray diffraction at the Mn L2 
edge. The timescales and pathways of the transition between the multiferroic and the high temperature 
phase will be discussed.  
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29. Driving a nonlinearity with chirped THz pulses (Johnson)  

Larissa Boie*, Steven L. Johnson  

boiel@phys.ethz.ch  

In many solid state systems the frequencies of magnetic and vibrational excitations lie within the 
terahertz (THz) frequency range. It is then natural to suppose that for some of these excitations, THz 
frequency electromagnetic radiation can be used to coherently drive changes in material properties. 
Typical high intensity terahertz sources focus on broadband, nearly “single cycle” pulses. These 
sources, while useful for applications where interesting processes are triggered by a high transient field, 
are less appropriate for driving underdamped material resonances. For these applications, a 
narrowband source (bandwidth < 10 %) can more efficiently drive material dynamics. As these 
dynamics become large enough for nonlinearities to become non-pertubative, it is also useful to be able 
to shape the temporal profile of the driving pulse, as has been shown theoretically by Itin and 
Katsnelson [1].  

Here we describe recent progress in developing a table-top setup for using chirped difference-
frequency generation to create high intensity narrowband THz radiation as demonstrated by Liu et al. 
[2]. The setup is capable of generating THz pulses from 5 to 15 THz. The setup is also capable of 
producing chirped THz pulses for more efficient driving of nonlinearities. We also discuss plans to use 
the setup to study nonlinearities of magnetic excitations in transition metal oxides [3, 4].  

[1] A. P. Itin und M. I. Katsnelson, „Efficient excitation of nonlinear phonons via chirped mid-infrared pulses: 
induced structural phase transitions“ arXiv:1707.02455 [cond-mat.other], 2017. 
[2] B. Liu, H. Bromberger, A. Cartella, T. Gebert, M. Först and A. Cavalleri, "Generation of narrowband, high-
intensity, carrier-enveloope phase-stable pulses tunable between 4 and 18 THz," Optics Letters, no. 42, pp. 129-
131, 2017. 
[3] M. R. Daniel und A. P. Cracknell, „Magnetic Symmetry and Antiferromagnetic Resonance in CoO,“ Physical 
Review, Bd. 177, Nr. 2, pp. 932-941, J 1969. 
[4] A. Subedi, „Midinfrared-light-induced ferroelectricity in oxide paraelectrics via nonlinear phononics,“ Physical 
Review B, Nr. 95, 2017. 
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30. Probing the ionization wavepacket and recollision dynamics in strong laser fields 
beyond the dipole approximation (Keller) 

Benjamin Willenberg, Jochen Maurer, Benedikt W. Mayer, André Ludwig, Christopher R. Phillips, Lukas 
Gallmann, Ursula Keller  

bwillenb@phys.ethz.ch  

The electric dipole approximation is a widely used concept in strong field physics. In this approximation, 
the vector potential is assumed to be spatially homogeneous and it is typically considered to be valid 
when the target is much smaller than the wavelength. The spatial homogeneity of the vector potential 
implies that the magnetic component of the laser field is neglected. However, in strong laser fields, this 
approximation breaks down as we move to longer wavelengths [1,2]. In this case, we observe 
asymmetries of the photoelectron momentum distribution along the laser beam propagation axis that 
reflect the non-trivial interplay between the magnetic pressure and the Coulomb potential of the residual 
ion upon recollision. This recollision occurs when the electron is driven back to the parent ion by the 
laser field and is the underlying mechanism for processes such as the generation of high-order 
harmonics [3]. 

In recent years, our group has made efforts to measure these effects, in particular with the focus on the 
role of the Coulomb potential upon recollision.  

We present the ellipticity-dependent measurements of the interplay of the magnetic pressure and the 
Coulomb potential and show how we can extract information about the ionization process from these 
measurements. This information includes the spread of the initial wave packet as well as the 
momentum that is transferred to the electron upon recollision. Furthermore, we present the influence of 
this interplay onto the continuum phase of the electron in holographic interference patterns that have so 
far only been measured within the dipole approximation [4].  

[1] H.R. Reiss, Phys. Rev. Lett. 101, 043002 (2008)  
[2] A. Ludwig, J. Maurer, B. W. Mayer, et al., Breakdown of the dipole approximation in strong-field ionization, 
Phys. Rev. Lett. 113, 243001 (2014). 
[3] T. Popmintchev, M. C. Chen, D. Popmintchev, et al., Bright coherent ultrahigh harmonics in the kev x-ray 
regime from mid-infrared femtosecond lasers, Science 336, 1287-1291 (2012). 
[4] Y. Huismans, A. Rouzee, A. Gijsbertsen, et al., Time-resolved holography with photoelectrons, Science 331, 61-
64 (2011). 
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31. Electron correlation effects in attosecond photoionization from a CO2 molecule 
(Keller)  

M. Lucchini, D. Baykusheva, L. Kasmi*, M. Volkov, F. Schlaepfer, A. Ludwig, L. Gallmann, H. J. 
Wörner, and U. Keller  

kasmil@phys.ethz.ch  

Molecular systems are characterized by their high density of electronic states available at high 
excitation energies. Therefore, exciting such a system with a broad energy spectrum creates a 
superposition of many electronic states, which leads to ionization through a multitude of pathways. How 
the photoemission dynamics depend on the different molecular ionization pathways remains unclear. In 
this work, we use the principle of reconstruction of attosecond beating by two-photon transitions 
(RABBITT) [1] to extract timing information from the ionization of a carbon dioxide molecule, including 
evidence of electron correlation through multi-channel interaction. RABBITT is an interferometric 
measurement technique that uses an attosecond pulse train as the pump pulse combined with a phase-
locked infrared (IR) probe pulse. In our case, we tailor the attosecond pulse train to obtain a limited 
number of discrete harmonics in the spectral domain in order to create a minimum number of excitation 
pathways and simplify our analysis. With two harmonics in our spectrum in the energy range of 20-24 
eV, we excite electrons from four uppermost molecular orbitals. Using a two-foci experimental setup [2], 
we can calibrate our pump-probe delay by simultaneously measuring a RABBITT in a noble gas (Ar) in 
one focus, while measuring a RABBITT from CO2 in the other focus. This allows us for the first time to 
access the absolute photoemission delays for a molecular system. Comparing the measured 
photoionization delays of the first three orbitals with state-of-the-art theoretical calculations [3] shows 
that electron correlation effects, in the form of multi-channel interaction, decreases the ionization delay 
of the highest occupied molecular orbital (HOMO) by about ~ 71 as.  

[1] H. Muller, Applied Physics B 74, s17 (2002).  
[2] R. Locher, M. Lucchini, J. Herrmann, M. Sabbar, M. Weger, A. Ludwig, L. Castiglioni, M. Greif, M. Hengsberger, 
L. Gallmann, and U. Keller, Rev. Sci. Instrum. 85, 013113 (2014). 
[3] D. Baykusheva and H. J. Wörner, J. Chem. Phys. 146, 124306 (2017).  
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32. Photo-ionization induced ultrafast fragmentation dynamics of acetylene (Keller) 

N. Hartmann*, S. Bhattacharyya*, F. Schlaepfer, M. Volkov, L. Kasmi, M. Lucchini, L. Gallmann, U. 
Röthlisberger and U. Keller  

hnadja@phys.ethz.ch  

Studying ultrafast processes in molecules, such as charge migration, structural rearrangement, 
isomerization and dissociation is important to understand how chemical reactions in nature unfold [1]. 
However, investigating these mechanisms in large molecules remains challenging and therefore, 
prototypical molecular systems are preferred to reveal the fundamental but yet complex processes 
involved. Acetylene is the simplest organic molecule with a triple C-C bond and has thus been widely 
used to study these fundamental processes [2-4]. Due to its small size it is also well suited for 
quantitative theoretical studies and thus has attracted considerable attention [5-8]. Despite the 
numerous studies, the overall molecular dynamics on ultrashort timescales are still not well understood. 
In the present work the complete ultrafast molecular dynamics in acetylene following photoexcitation 
above the ionization threshold are investigated. The molecule is photo-ionized with a pump pulse in the 
extreme ultraviolet (XUV) spectral range and subsequently probed by a time-delayed infrared (IR) 
pulse. The probe pulse induces changes in the nuclear wave packet evolution along the potential 
energy surfaces (PES) of the acetylene cation. Recording the ion fragment yields as a function of the 
pump-probe delay allows gaining information on the dynamics of the molecular fragments and the time 
evolution of the nuclear wave packets along the PES. 

Static PES scans at CASSCF/CASPT2/cc-pVTZ level with a 9/10 active space uncover the influence of 
the different symmetry-adapted displacements on the PESs. To achieve a more complete 
understanding, unbiased on-the-fly nuclear dynamical simulations have been performed with Tully’s 
fewest switches surface hopping method. Along with the well-known acetylene-vinylidene isomerization 
[4,9], C-H dissociations have also been observed.  These occur at three distinct time scales, correlating 
with the experimental C2H+ ion yield. Overall, the comparison of the experimentally recorded 
fragmentation dynamics with the non-adiabatic dynamics simulations allowed reconstruction of several 
ultrafast relaxation channels and have demonstrated the possibility to control the branching ratios with 
tailored laser pulses in conical intersection induced dynamics.  

[1] R. W. Schönlein et al., Science 254, 412 (1991). 
[2] Y. H. Jiang et al., PRL 105, 263002 (2010). 
[3] Y. H. Jiang et al., J. Phys. B: At. Mol. Opt. Phys. 46, 164027 (2013). 
[4] H. Ibrahim et al., Nat. Commun. 5, 4422(2014). 
[5] P. Rosmus at al., Chem. Phys. Lett. 84, 71 (1981). 
[6] M. Madjet et al., PRL 107, 263002 (2011). 
[7] A. S. Alnaser et al., J. Phys. B: At. Mol. Opt. Phys. 39, 485 (2006). 
[8] T. S. Zyubina et al., J. Chem. Phys. 123, 134320 (2005). 
[9] M. Madjet et al., J. Chem. Phys. 138, 094311 (2013).  
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33. Electron Dynamics in a Shape Resonance (Keller) 

J. Vos*, L. Cattaneo, L. Pedrelli, J. Fuchs & U. Keller   

jvos@phys.ethz.ch  

 
In a molecule, among the phenomena strongly influencing single photoionization dynamics, the shape 
resonance plays a special role. The combined molecular and centrifugal potential create a barrier, 
which temporarily traps the electron wave packet in a well-defined spatial region for a duration up to the 
lifetime of the state (1). The electron wave packet eventually tunnels through the barrier into the 
continuum, leading to a local enhancement of the cross-section and a significant change in the 
photoelectron angular distribution (2). 

Two questions naturally arise; First, can we measure the photoionization time delay and thereby the 
features of the molecular potential by which the electron is temporarily trapped? It has been shown 
recently, that shape resonances can induce photoionization delays up to ~160 as for N2O (3). Second, 
how shape resonances manifest themselves in an angular resolved fashion? And, can we use this 
information to deepen our knowledge of the molecular structure? 

In this work we study the dynamical behavior of the ejected electron wave packet created by single 
photoionization when affected by the shape resonance in a cold target of N2O molecules using an 
attosecond pulse train (ATP) in the extreme ultraviolet (XUV) domain. We show the preliminary results 
of our measurements, where we probe the electron dynamics in the N2O molecule, taking place at the 
shape resonance using a COLTRIMS detector. This type of measurement includes the angular 
information regarding the molecule and the electron, which in turn could give further insight in the 
details of the molecular potential. Such rich information may shine light on the electronic structure of the 
N2O molecule and thereby on un-answered questions regarding electron correlations. 

1. J. L. Dehmer, in Resonances. (1984), pp. 139-163. 
2. J. L. Dehmer, D. Dill, Shape Resonances in K-Shell Photoionization of Diatomic Molecules. Physical Review 
Letters 35, 213-215 (1975). 
3. M. Huppert, Jordan, I., Baykusheva, D., von Conta, A., Wörner, H.J., Attosecond delays in molecular 
photoionization. Physical Review Letters 117, 093001 (2016). 
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34. Development of ultrafast electron microscope (Lorenz)  

Pavel Olshin*, Tatiana Buriakova, Diana Nechepurenko, Marc-Oliver Winghart, Ulrich. J. Lorenz  

pavel.olshin@epfl.ch  

Ultrafast transmission electron microscopy (UTEM) is a novel technique that has enabled the study of 
the structure and dynamics of materials with both high spatial and ultrafast temporal resolution. Here, 
we report on our progress in the implementation of a UTEM based on a JEOL 2200FS transmission 
electron microscope. Notably, this is an instrument with a Schottky field emission gun, whose high 
brightness we expect to greatly facilitate high resolution imaging as well as other experiments requiring 
high spatial and temporal coherence. 

The instrument will be operated in a pump/probe mode, in which a laser pulse is used to excite the 
sample, and an electron pulse to probe the ensuing dynamics. Suitable electron pulses are obtained 
through photoemission by illuminating the field emitter of the gun with UV laser pulses. We have 
successfully modified the electron gun of our instrument and achieved emission of photoelectron 
pulses. This work was guided by electron trajectory simulations which elucidate how the performance of 
the gun depends on various operating parameters.  

We have also successfully modified the microscope to direct the pump laser beam onto the sample via 
a mirror that we mounted above the objective lens. For future time-resolved experiments, we are 
already equipped with femtosecond as well as nanosecond laser systems. Since many important 
processes such as biologically relevant structural transformations of proteins also involve microsecond 
dynamics, it is desirable to bridge the gap to these slower timescales. To this end, we have embarked 
on the generation of microsecond electron pulses. We will then be able to study structural dynamics 
occurring on a wide range of timescales, from seconds to femtoseconds, with the spatial resolution of a 
modern Transmission Electron Microscope.  

 
 
35. Vibrationally excited dynamics of sulfonic acid derivatives reveals dynamic effects 
from fast processes (Meuwly) 

Sebastian Brickel* and Markus Meuwly  

sebastian.brickel@unibas.ch  

 
Dissociation of vibrationally excited sulfonic acid [1] (and its derivatives) occurs on the sub-ns to ns time 
scale. Intramolecularly, the fragmentation reaction competes with H-transfer. The barrier heights of both 
processes are similar and can occur within fs after OH-stretch excitation. Direct dissociation, without 
prior H-transfer, of HSO3Cl [2] is the dominant process for several hundred picoseconds. Indirect 
dissociation overtakes on longer time scale. Final state analysis of the two products, from several 
thousands of trajectories, show distinct distributions for important degrees of freedom. 

OH-stretching overtone excitation of several quanta of fluorosulfonic acid [3], unlike related HSO3X (X = 
OH [4] , Cl), does not lead to elimination products. However reaction probability for H-transfer reaction 
is high (up to 98% for ν(OH) = 7). HSO3F shows strong non-RRKM behaviour. The MS-ARMD [5] 
results, obtained on a fully-dimensional, well parametrised potential energy surfaces, provide testable 
hypotheses for experiments.  

[1] V. Vaida, H. G. Kjaergaard, P. E. Hintze and D. J. Donaldson, Science, 2003, 299, 1566-1568. 
[2] J. Yosa Reyes, S. Brickel, O. T. Unke and M. Meuwly, Phys. Chem. Chem. Phys., 2016, 18, 6780-6788. 
[3] S. Brickel and M. Meuwly, J. Phys. Chem. A, 2017, 121, 5079-5087. 
[4] J. Yosa Reyes, T. Nagy and M. Meuwly, Phys. Chem. Chem. Phys., 2014, 16, 18533-18544. 
[5] T. Nagy, J. Yosa Reyes and M. Meuwly, J. Chem. Theory. Comput., 2014, 10, 1366-1375.  
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36. Calculation of vibrational frequencies for 4-Fluorophenol using DVR3D (Meuwly) 

Maryam Salehi*, Markus Meuwly  

seyedehmaryam.salehi@unibas.ch  

Halogenated groups are relevant in pharmaceutical applications and potentially useful spectroscopic 
probes for infrared spectroscopy. In this work, we investigate the structural dynamics and infrared 
spectroscopy of 4-Fluorophenol in gas phase and water. The gas phase and solvent dynamics around 
4-Fluorophenol is characterized by Molecular Dynamics simulation with CHARMM. Reproducing kernel 
Hilbert space (RKHS) is used to represent the 

potential energy surface (PES) and DVR3D to calculate vibrational frequencies for bound states. 
Experimental results from FT-IR spectroscopy shows the frequency of 1226 cm-1 for CF bond in gas 
phase and from DVR3D calculation, the CF frequency distribution is around 1230 cm-1 for gas phase 
and 1136 cm-1 for solvent which is red shifted compared to gas phase.  

 
 
37. Applications of Artificial Neural Networks to Problems in Time Resolved Studies 
(Meuwly) 

 Oliver T. Unke*, Debasish Koner, Markus Meuwly  

oliver.unke@unibas.ch  

Artificial neural networks (ANNs) are a machine learning method proven to be general function 
approximators.1 They can be used to construct potential energy surfaces (PES) of high-dimensional 
systems when given sufficient training data.2 These PESs can then be used to study ultra-fast 
processes using molecular dynamics (MD) simulations with ab initio quality and the computational cost 
of traditional force fields (FF). It is even possible train an ANN to predict quantities of interest, such as a 
scattering cross section or a reaction rate directly from starting conditions, removing the need to run 
explicit MD. 

1. G. Gybenko Math. Control Signals Syst. 1989, 2, 303-314  
2. J. Behler Phys. Chem. Chem. Phys. 2011, 13.40,17930-17955. 
3. O. T. Unke and M. Meuwly J. Chem. Phys. (submitted) 
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38. Can we talk about ultrafast chemistry in interstellar media? (Meuwly)  

Marco Pezzella*, Markus Meuwly  

marco.pezzella@unibas.ch   

Picosecond/femtosecond chemistry is all around as in everyday life. This is due the high number of 
collisions that take place and due the presence of light sources. But what happens if we are in an 
interstellar cloud? 

In this case the low number of molecules and the low kinetic energy freeze the system in a stationary 
state, allowing the existence of exotic species, but there some places in the cloud where molecules can 
be produced: the small grains. Due the impossibility of astronomical observation and the difficulty of 
reproducing the exact physical conditions, Molecular Dynamics simulations are a useful tool. 
Simulations were run using the CHARMM 41 program [1] with 1000 TIP3P water molecules and one 
oxygen atom for a total time of 9 μs.  The correct water-oxygen behaviour is obtained refitting the Van 
der Waals parameters to Ab Initio data of an oxygen atom at the surface of a small cluster of waters  

The surface of grains is composed mainly of water in vitreous state (Amorphous Solid Water) 
characterized by different cavities.  At temperatures around 50 K, for a 31 x 31 Ã…^2 ASW surface, the 
diffusion regime of an oxygen atom varies between 1 ps and 0.1 ms, with an average diffusion time 
around 100 ps. This means that diffusion is dominated by the small cavities that forms a network across 
the surface.  Due the roughness of the surface itself possible tunneling effects are suppressed in favour 
of a classical diffusion model in agreement with the Zwanzig theory[2].  

Moving from the diffusion to the possible reactivity, the formation of an oxygen dimer can be explored 
using reactive molecular dynamics (MS-ARMD[4] ) implemented in CHARMM.  Studying the reaction 
inside a ASW cavity over 1000 simulations, 30 % of the 800 reactive events takes place during the first 
10 ps. This means that the catalytic role of ASW plays a key role on the chemistry of interestellar 
media, making the vast majority of synthetic reactions efficient.  

Infrared radiation is the most common source of useful radiation that can be encountered in Interstellar 
Clouds[4]. Taking as example the diffusion of hydrogen atom chemically bound to a fullerene cation 
(this scenario is made realistic due the fact that the association reaction is barrier-less) its effect can be 
rationalized.  After excitation of the system in the IR region (0.20 eV), 100 jumps and the final 
desorption of the hydrogen atom were observed.  

In conclusion, we can say that ultrafast phenomena are present and important in interstellar media. The 
limiting factor in this environment is the scarce presence of molecular species.  

1. Brooks BR, et al. (2009) CHARMM: The biomolecular simulation program. J. Comp. Chem. 30:1545-1614. 
2. Zwanzig R (1988) Diffusion on a rough potential. Proc. Natl. Acad. Sci. 85:2029. 
3. Nagy T, Reyes J. Y., Meuwly M. (2014) Multi-Surface Adiabatic Reactive Molecular Dynamics. J. Chem. Theo. 
Comp. 10:1366-1375 
4. Kaiser A., et al. (2013) Adsorption of hydrogen on neutral and charged fullerene: Experiment and theory. J. 
Chem. Phys.  138:074311  
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39. Multi-State VALBOND for Atomistic Simulations of Hypervalent Molecules, Metal 
Complexes and Reactions (Meuwly) 

Akshaya Kumar Das*, Maurus H. Schmid, Clark R. Landis and Markus Meuwly  

akshaya.das@unibas.ch  

Occurrence of complicated and varied molecular shapes in metal complexes and enzyme active site 
makes it difficult to develop a molecular mechanics (MM) methods. VALBOND force field based on the 
valence bond theory has been employed to model hypervalent molecules and metal complexes. 
However, it includes only the angle potential. Later the trans-influence was incorporated into to 
VALBOND by introducing two distance and energy dependent penalty functions. Here we intend to 
generalize VALBOND by developing a comprehensive framework approach based on the resonance 
structures fulfilling the octet rule. Unlike original VALBOND, this new approach treats angular degrees 
of freedom within a valence bond description and further includes chemical bonds, dihedrals and van 
der Waals contributions by flexible parametrizations of individual resonance structures (states). This 
newly developed method is successfully applied to model hypervalent molecules and TM-complexes. It 
reproduced the X-ray crystal structures very well. Using single MS-VALBOND force field it is possible to 
describe pseudorotation in hypervalent molecules and is illustrated for ClF3.  

1. D. M. Root et al.  J. Am. Chem. Soc.  1993, 115, 4201. 
2. T. Cleveland et al.  J. Am. Chem. Soc. 1996, 118, 6020. 
3. I. Tubert-Brohman et al. J. Chem. Theory Comput. 2009, 5, 530.   
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40. A dynamical study of the Diels-Alder reaction between 2,3-dibromo-1,3-butadiene 
and maleic anhydride (Meuwly)  

Uxia Rivero*, Stefan Willitsch and Markus Meuwly  

uxia.riverogonzalez@unibas.ch  

The Diels-Alder reaction, in which a diene reacts with a dienophile forming a cyclic product, is one of 
the most important reactions in organic chemistry. It has been extensively studied in order to elucidate 
whether or not it is a concerted process and, if so, whether it happens in a synchronous or an 
asynchronous manner [1, 2]. The (a)synchronicity is usually defined from the (a)symmetry of the 
transition state structure but recent simulations show that both, synchronous and asynchronous 
additions are present even for symmetric transition states [3,4]. 

Recent advances in molecular-beam experiments allow now conformational separation of isomers by 
electrostatic deflection of a molecular beam based on their different dipole moments [5]. Hence, the 
separation of the s-cis and s-trans conformers of a diene is possible as long as they meet the 
experimental requirements for this technique. 

We aim to experimentally and computationally explore the detailed mechanism of the Diels-Alder 
reaction between conformationally selected 2,3-dibromo-1,3-butadiene and supersonically cooled 
maleic anhydride. After studying the potential energy surface of this reaction, that goes through a 
symmetric transition state, and the kinetics of the possible dissociations and isomerizations of the 
products with RRKM calculations [6], we are now interested in the dynamics of the reaction. We are 
using multi state adiabatic reactive molecular dynamics (MS-ARMD) [7] in order to run enough 
trajectories as to understand which initial conditions will lead to a reactive event. The trajectories start 
with the two molecules approaching each other. They then collide and may form a van der Waals 
complex that can live for several picoseconds, dissociate or lead to the Diels-Alder product. We have 
also run downhill simulations (starting on the transition state region) in which we can probe the 
(a)synchronicity of the reaction finding that asynchronous events (in which the two bonds form with a 
time difference larger than 30 fs [3]) are also possible despite the symmetric transition state.  

[1] K. N. Houk, J. Gonzalez, Y. Li, Acc. Chem. Res. 28, 81 (1995) 
[2] P. J. Donoghue, O. Wiest, Chem. Eur. J. 12, 7018 (2016)  
[3] M. A. F. de Souza, E. Ventura, S. A. do Monte, J. M. Riveros, R. L. Longo, J. Comp. Chem. 37, 701 (2016) 
[4] K. Black, P. Liu, L. Xu, C. Doubleday, K. N. Houk, PNAS 32, 12860 (2012) 
[5] Y.-P. Chang, K. Dlugolecki, J. Küpper, D. Rösch, D. Wild, S. Willitsch, Science 342, 98 (2013) 
[6] U. Rivero, M. Meuwly, S. Willitsch, Chem. Phys. Lett. 683, 598 (2017) 
[7] T. Nagy, J. Yosa Reyes and M. Meuwly, J. Chem. Theory Comput. 10, 1366 (2014)  
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41. A Correlation Between Binding Affinity of Ligand in Protein and Vibrational Stark 
Shift: A Theoretical Study (Meuwly) 

Leila Mohammadzadeh* and Markus Meuwly  

leila.mohammadzadeh@unibas.ch  

The purpose of this work is providing a relationship between the protein-binding strength and the IR-
spectroscopy and dynamics of the ligand in the cavity [1,2]. Therefore, we have studied binding of 
chlorobenzonitrile as ligand in the nonpolar cavity of T4 lysozyme. All the calculations have been done 
by CHARMM molecular dynamics simulations package. The CN group in the ligand is a spectroscopic 
probe (local reporter of the electrostatic environment) for studying the binding, electric field and 
dynamics of the ligand in the cavity. Theoretical investigations have confirmed that the electrostatic 
environment in the protein cavity shifts the peak frequency in the linear absorption spectrum of CN 
group [3]. The shift approximately correlates with the relative binding free energy, which it means the 
stronger the binding the larger, the red shift. In this work three different ortho (both left and right handed 
optical isomers), meta and para isomers of chlorobenzonitrile have been chosen to study the frequency 
shifts of CN group in different ligands and correlate the changes to the binding modes of the ligands.  

After 10 ns of production run, it was realized that 4-chlorobenzonitrile leaves the cavity after 5ns of 
simulation. On the contrary, 2-chlorobenzonitrile (both isomers), and 3-chlorobenzonitrile stay in the 
protein pocket. The binding free energies of PhClCN ligands in lysozyme have been calculated using 
umbrella-sampling method.  

[1] P. Hamm and M. T. Zanni. Concepts and Methods of 2D Infrared Spectroscopy. Cambridge -¨University Press, 
New York, NY, (2011). 
[2] M. W. Lee, J. K. Carr, M. Gollner, P. Hamm, and M. Meuwly. J. Chem. Phys., 139, (2013). 
[3] P. Mondal and M. Meuwly. Phys. Chem. Chem. Phys, 19, (2017).  
  
 
 
42. An Empirical Force Field Method for Simulating Proton Transfers: Molecular 
Dynamics and Spectroscopy (Meuwly) 

Zhen-Hao Xu; Markus Meuwly  

z.xu@unibas.ch  

The empirical force field method of Molecular Mechanics with Proton Transfer (MMPT) resembles a 
QM/MM scheme which treats the proton transfer (PT) process in its full dimensionality while addressing 
three important aspects of the problem: speed, accuracy, and versatility. In recent development, MMPT 
force field provides new advances in coupling and delocalizing multiple and continuous PT reactions. In 
recent applications, molecular dynamics (MD) simulations have been performed by using this empirical 
method to study infrared spectroscopies for systems of experimental interests, including but not limited 
to the broadening effects of X-H stretching bands with the presence of hydrogen bonds. The results 
were compared and supported by experiments and simulations using quantum mechanical (QM) 
approaches. 

[1] K. Mackeprang, Z.-H. Xu, Z. Maroun, M. Meuwly, H. G. Kjaergaard. Phys. Chem. Chem. Phys., 18, 24654-
24662 (2016) 
[2] Z.-H. Xu, M. Meuwly. J. Phys. Chem. A, 2017, 121 (29), pp 5389-5398  
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43. Near dissociation states of He-H2+ on an analytical potential energy surface 
(Meuwly) 

Debasish Koner* and Markus Meuwly  

debasish.koner@unibas.ch  

The prototypical He-H2
+ system has been a subject of extensive research in spectroscopy and reaction 

dynamics from last few decades. In this work, a new analytical potential energy surface (PES) has been 
generated for the He-H2

+ system from large number of ab initio energies computed using multi 
reference configuration interaction with the Davidson correction (MRCI+Q) and a very large basis set 
aug-cc-pV6Z. The short-range interaction region of the analytical surface has been constructed using 
the reproducing kernel Hilbert space (RKHS) interpolation formulation [1-2], while the long-range 
interaction region of the PES is described by analytical functions [3]. Finally, these two parts are 
connected using Fermi function to get a smooth surface. The ro-vibrational states for the He-H2

+ 
complex have been calculated for J < 6 and the transitions frequencies corresponding to microwave 
spectroscopy for the near-dissociation states are predicted and compared with the experimental results 
[4].  

[1] T.-S. Ho and H. Rabitz, J. Chem. Phys. 104, 2584 (1996) 
[2] O. T. Unke and M. Meuwly, J. Chem. Inf. Model 57, 1923 (2017) 
[3] M. F. Falcetta and P. E. Siska, Mol. Phys 97, 117 (1999) 
[4] A. Carrington, D. I. Gammie, A. M. Shaw, S. M. Taylor, and J. M. Hutson, Chem. Phys. Lett. 260, 395 (1996)  
 
 
44. Analysis of Transient Spectral Features Observed in Broadband THz Spectroscopy 
of CH3NH3PbX3 Perovskites (Moser) 

Andres Burgos-Caminal*, Aurelien Willauer, Ahmad Ajdar-Zadeh, and Jacques-E. Moser  

andres.burgoscaminal@epfl.ch  

Ultrafast time-resolved spectroscopic techniques have proved to be instrumental in the understanding 
of the intimate properties of photovoltaic materials. In particular, optical pump-THz probe spectroscopy 
has been successfully applied to scrutinize various new generation photovoltaic materials, yielding 
information on charge carrier and pseudo-particle dynamics [1, 2]. Generation of THz radiation is 
commonly achieved by optical rectification of fs pulses in non-linear crystals, such as ZnTe or DAST. 
The latter materials typically restrict the probe spectral range to 3-6 THz. Nonetheless, the extension of 
time-resolved THz spectroscopy measurements beyond this limit would yield important additional 
spectral information, while allowing to improve significantly the time-resolution of the technique. 

Broadband THz generation and detection through the use of gas photonics can now be applied to time-
resolved THz spectroscopy, thanks to the research carried out during the last decade. [3] Several 
investigations have already been achieved on different materials. In particular, CH3NH3PbI3 perovskites 
single crystals [4] and thin films deposited on silicon wafers [5] have been studied in reflection and 
transmission modes, respectively. 

Here, we applied ultrafast optical pump-broadband THz probe spectroscopy in transmission mode to 
multigrain methylammonium lead trihalide perovskite samples, using a transparent polymer substrate. 
Complete spectra up to a frequency of 20 THz were measured. Upon photoexcitation, various features 
are observed in the transient spectra. These traits are analyzed and related to the material-™s complex 
refractive index and photoconductivity. The relationship between results obtained in transmission and 
reflectance modes is also discussed.  
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1. Ponseca Jr., C. S. & Sundström, V. Revealing the Ultrafast Charge Carrier Dynamics in Organo Metal Halide 
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4. Valverde-Chávez, D. A. et al. Intrinsic Femtosecond Charge Generation Dynamics in Single Crystal 
CH3NH3PbI3. Energ. Environ. Sci. 8, 3700-3707 (2015). 
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45. Long-time quantum dynamics in the condensed phase from short-time trajectories 
(Richardson)  

Maximilian A. C. Saller* and Jeremy O. Richardson  

maximilian.a.c.saller@gmail.com  

Many systems, when excited through interaction with light, be it naturally or as part of a spectroscopic 
experiment, undergo ultra-fast relaxation from their excited electronic states. The dynamics of such 
relaxations can yield a wealth of information about the underlying physics and chemistry. Theoretical 
studies can thus be valuable, both in providing a deeper understanding of experimental results and in 
predicting properties of yet unstudied systems. When the involved electronic states are close in energy, 
the Born-Oppenheimer approximation breaks down, which makes the resulting dynamics extremely 
difficult to model. Methods relying on wavepacket propagation, while very accurate, are limited to the 
simulation of small molecular systems, consisting of a few atoms. For larger problems, especially in the 
condensed phase however, a rigorous method for calculating non-Born-Oppenheimer quantum 
dynamics has yet to be developed. We suggest an approach that combines the excellent scaling of ring 
polymer molecular dynamics (RPMD) with the well-known scheme for mapping discrete electronic 
states to a set of continuous harmonic oscillators and master equation dynamics. The non-adiabatic 
RPMD method, resulting from the aforementioned mapping, can be used to calculate the memory 
kernel of large, condensed phase systems, at very low cost. The quickly decaying nature of this kernel 
allows it to be calculated with short-time trajectories, but it can nevertheless be used to obtain long-time 
dynamics, using the generalized quantum master equation.  
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46. Extending the toolkit for molecular dynamics: Nonadiabatic ring-polymer approach 
(Richardson)  

J. Runeson*, J. O. Richardson  

johan.runeson@phys.chem.ethz.ch  

Modern high energy lasers enable the study of ultrafast phenomena in molecules. In order to explain 
the observed dynamics, the rapid development of experimental techniques needs to be accompanied 
by improved theoretical simulations. When simulating molecular dynamics in a computer, one usually 
separates the electron and nuclear motion in the famous Born--Oppenheimer approximation. Such a 
separation is however not possible if the molecular process involves more than one electronic state, 
which is the case for interaction with a high-energy light field. Failure of the BO approximation occurs 
also for a wide range of other nonadiabatic processes, such as proton-coupled electron transfer and 
ultrafast internal conversion through conical intersections. 

We are developing a general method to go beyond the BO approximation and include nonadiabatic 
phenomena in MD simulations. The idea is to map the potential energy surfaces of the involved 
electronic states to a single effective potential energy surface in an extended phase space [1]. The 
method includes nuclear quantum effects by using the by now well-established methodology of 
simulating the nuclei as classical ring-polymers [2]. This approach allows for scaling to large particle 
numbers, which is important in order to reach condensed-phase system sizes. We will show how the 
method can be used as a general tool to calculate approximate absorption spectra and time correlation 
functions of ultrafast processes. Benchmark calculations will be demonstrated for a model of the 
pyrazine molecule.  

[1] J. O. Richardson, P. Meyer, M. Pleinert, M.Thoss, Chem. Phys. 482, 124 (2017). 
[2] I. Craig, D. Manolopoulos, J. Chem. Phys. 121, 3368 (2004).  
 
 
47. Path Integral Formulation of Non-Adiabatic Reaction Rates (Richardson) 

Manish J. Thapa*, Jeremy O. Richardson  

mthapa@ethz.ch  

In our work, we investigate path integral methods to study non-adiabatic reactions involving several 
electronic states. In the systems we study, the electronic states are coupled to nuclear degrees of 
freedom such that no Born-Oppenheimer approximation can be made. Electron transfer, in a chemical 
system, happens on an ultra-fast time scale, and so does nuclei tunneling event. We want to investigate 
the role of nuclei tunneling in the course of electron 

transfer from one molecule to another. Previous methods [1] have used instanton trajectory to quantify 
the rate of electron-transfer reactions in simple systems. However, such methods are not feasible to 
calculate rates in systems exhibiting multiple transition states, such as in liquids. Our method will be 
used to describe electron transfer processes in liquid systems. 

[1] J. O. Richardson. J. Chem. Phys. 143, 134116 (2015)  
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48. Studying the Interaction of Conjugated Polythiophene with DNA using 
Spectroscopic Techniques and Molecular Dynamics Simulations (Röthlisberger)  

Polydefkis Diamantis*, Lisa Peterhans, Natalie Banerji, Ursula Röthlisberger  

ursula.roethlisberger@epfl.ch  

The optoelectronic and physicochemical properties of conjugated polyelectrolytes (CPEs) make them 
highly promising candidates for a variety of electronic and biological applications. One such example is 
biosensing, and it is based on the optical response of CPE following its selective assembly with the 
biomolecule of interest. In the present work, the assembly of a thiophene-based cationic polymer 
(cationic polythiophene, CPT) with single stranded DNA is investigated experimentally and 
computationally. Steady-state and transient absorption spectroscopy yielded spectra that differ 
considerably, depending on the sequence of the DNA fragment. The difference is especially 
pronounced for polycytosine (polyC) vs polyadenine (polyA) assemblies with CPT. Steady-state 
absorption spectra revealed highly structured and unstructured absorption bands for CPT-polyC and 
CPT-polyA respectively. In addition, transient absorption spectra suggest that the excited-state 
properties of CPT-DNA assemblies differ significantly from those of pure CPT. Extensive classical 
molecular dynamics simulations of solvated single-stranded polyC and polyA fragments (Î_s scale) 
revealed that polyC is highly flexible while polyA adopts a rigid linear structure stabilized by stacking 
interactions between the A bases. Combined with the aforementioned experimental observations, this 
finding suggests that the addition of CPT has a reversing effect on the conformational dynamics of 
polyC and polyA. Currently ongoing MD simulations of CPT-DNA assemblies will contribute in further 
understanding (i) structural differences between the polyC- and polyA-containing systems at the 
atomistic level, as well as (ii) the impact of DNA on the excited-state properties of the assemblies.  

 
 
49. Multiple time step scheme for semi-classical molecular dynamics (Röthlisberger) 

Pablo Baudin*, Elisa Liberatore, and Ursula Rothlisberger  

pablo.baudin@epfl.ch  

We present a time-reversible, multiple time step (MTS) scheme for Born-Oppenheimer molecular 
dynamics (BOMD) in ground and excited states. The implementation is based on the observation that 
higher level corrections mainly contribute to the low frequency modes of nuclear forces. A standard time 
step can thus be employed to compute the less computationally demanding terms while a larger time 
step is employed for the computation of the more expensive terms which leads to significant reductions 
of the computational requirements. In practice, this is done by relying on two different levels of 
electronic structure theory that can be chosen with high flexibility. In this presentation, we focus on 
preliminary results for the application of MTS to excited states BOMD which will serve as a first step for 
the implementation of MTS in surface hopping non-adiabatic MD.  
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50. Low-energy electron transport in water: Clusters, droplets, and liquid bulk 
(Signorell) 

S. Hartweg, T.E. Gartmann, L. Ban, E. Chasovskikh, B.L. Yoder, G.A. Garcia, L. Nahon, D. Luckhaus, 
Y.-I. Yamamoto, T. Suzuki, R. Signorell*  

rsignorell@ethz.ch  

Even though low-energy electron scattering in liquid water is of high relevance for the modelling of 
radiation damage processes, radiolysis, and the analysis of photoelectron spectra, detailed scattering 
data have so far neither been accessible by experiment nor by theory. For lack of liquid water data, 
current descriptions thus use the amorphous ice data and/or rescaled gas phase parameters to 
describe the scattering of low-energy electrons (LEEs) (< 50eV electron kinetic energy). The important 
parameters are the multiple differential cross sections (MDCs) with respect to electron kinetic energy, 
energy loss, and scattering angle, of all relevant scattering processes (elastic; inelastic (electron-
phonon, electron-vibron, electron-electron)). Our recent determination of MDCs for liquid water from 
photoelectron spectroscopy provides a starting point for definite answers to fundamental questions 
regarding the electron dynamics in water.  

 
 
51. Optically induced transient enhancement of a structural order parameter (Staub) 

M. Porer*, M. Fechner, E. M. Bothschafter, L. Rettig, A. Narayan, M. Radovic, M. Savoini, V. Esposito, 
J. Rittmann, M. Kubli, T. Kubacka, T. Huber, M. Neugebauer, E. Abreu, S. Grübel, P. Beaud, G. Ingold, 
G. Lantz, S. Parchenko, S. Song, T. Sato, U. Aschauer, N. Spaldin, S. L. Johnson, and U. Staub  

michael.porer@psi.ch  

We study the ultrafast photoinduced dynamics of the structural order parameter in a class of systems 
where phonon-phonon interactions are believed to be the primary mechanism of the thermodynamic 
transition. EuTiO3 and SrTiO3 are perovskites that undergoes a soft-mode-driven structural phase 
transition at ~280-300K from cubic (Pm-3m) to tetragonal symmetry (I4/mcm) given by an 
antiferrodistortive rotation of the oxygen octahedra around the Ti ions. We employ above-bandgap 
femtosecond pulses to excite an EuTiO3 thin film out of its low-temperature equilibrium phase and 
monitor the subsequent dynamics of the order parameter via the intensity of distortion-induced 
superlattice reflections using 80-fs hard x-ray pulses (at LCLS). We observe a transient intensity 
increase in a sub-ps time window. This represents an optically induced ultrafast increase of the 
structural order parameter, which stands in contrast to the reduction of the distortion for an increased 
internal energy in equilibrium. Preliminary DFT calculations suggest Eu 4f-hole-doping as possible 
driving force.  

We compare this behavior to the results obtained in a similar experiment conducted at FEMTO/SLS on 
SrTiO3. In contrast, this system shows an initial rapid decrease of the superlattice reflection on a 
timescale of 0.2 ps. This is much faster than expected for lattice heating from the electronic excess 
energy of the excitation. 

These results indicate that in systems with phonon-mediated equilibrium phase transitions electronic 
interactions with the soft mode play an important role in the nonequilibrium case. This points out a route 
for ultrafast manipulation of structural order instead of purely suppressing it.  

 
  



35 
 
 

52. Laser induced magnetization dynamics in multiferroic CoCr2O4 (Staub) 

M. Decker*, S. Parchenko, N. Ortiz, M. Porer, M. Savoini, S. Gubner E. M. Bothschafter, C. Dornes, M. 
Buzzi, Y. W. Windsor, L. Rettig M. Ramakrishnan, A. Alberca, S.R.V. Avula, D. Schick, N. Pontius, C. 
Schuessler-Langeheine, J. A. Heuver, S.Matzen, B. Noheda, C. Piamonteze, S. L. Johnson, U. Staub 

martin.decker@psi.ch  

During the last decade ultrafast processes in magnetism attracts a lot of attention because of the recent 
achievements in light control of magnetization state, which could be used in modern data storage 
devices. At the same time, concept of using the electric field for switching off the magnetization seems 
to be energetically expedient because of no ohomic heating involved in switching process. Multiferroic 
materials (because off its magneto-electric coupling) are good candidates to realize ultrafast control of 
the magnetization and electric polarization simultaneously. This condition is met in CoCr2O4 (CCO), an 
insulating ferrimagnet, which shows multiferroic properties below the TS=27 K. 

A clear relation between the magnetization and electric was demonstrated. Here, we present an 
ultrafast magnetization dynamics in CCO below and above the multiferroic phase transition. We show 
the influence of multiferroic coupling on demagnetization dynamics after pumping with femtosecond 
laser pulse above the bandgap.  

1. C. D. Stanciu et al., Physical Review Letters 99, 217204 (2007).  
2. W. Eerenstein et al., Nature 442, 759-765 (2006) 
3. Y. Yamasaki et al., Physical Review Letters 96, 207204 (2006). 
Funding from the European Community's Seventh Framework Programme (FP7/2007-2013) under grant 
agreement n.°290605 (PSI-FELLOW/COFUND) and from the NCCR MUST from the Swiss National Science 
Foundation. 
  
 
53. Ultrafast dynamics of rare earth valence fluctuations (Staub) 

J. Mardegan*, M. Porer, S. Parchenko, and U. Staub (SLS, PSI), Y. Yokoyama and H. Wadati (Kyoto 
University), G. Knopp, C. Cirelli, and  C. Milne (SwissFEL, PSI) 

jose.linares-mardegan@psi.ch  

Pressure, magnetic field and temperature are well known driving forces to manipulate the valence 
states and the lattice parameters on 4f-based materials. [1] Nevertheless, the time scales of the 
valence and structural changes are completely unknown, which provide us an ideal field to be explored. 
In order to investigate the ultrafast dynamics of these physical phenomena, we selected the 
EuNi2(Si0.21Ge0.79)2 intermetallic system in which the Eu valence states (2+/3+) are strongly temperature 
dependent. [2-4] The first measurements performed by our coworkers using soft x-ray absorption reveal 
a valence change from Eu3+ to Eu2+ faster than 100 ps (50 ps timescale resolution)[5]. This change 
coexists in thermal equilibrium with a crystal lattice expansion due to the changes of the Eu ionic radius, 
which was not investigated in the time domain so far. A better physical understanding requires pump-
probed experiments with improved time resolution, which has been proposed for the second pilot phase 
of SwissFEL facility. The goal is to investigate the ultrafast dynamics of the Eu valence states and the 
associated crystal expansion employing x-ray absorption spectroscopy and x-ray powder diffraction, 
respectively.  

[1] V. Guritanu et al., Phys. Rev. Lett. 109, 247207 (2012). 
[2] H. Wada et al., J. Phys. Soc. Jpn. 68, 950 (1999). 
[3] K. Yamamoto et al., Phys. Rev. B 72, 161101(R) (2005). 
[4] K. Ichiki et al., Phys. Rev. B 96, 045106 (2017). 
[5] Y. Yokoyama private communication.  
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54. Ultrashort pulses characterization by quantum state tomography (Stefanov) 

Stefan Lerch, André Stefanov*  

andre.stefanov@iap.unibe.ch  

We apply the method of quantum state tomography for the reconstruction of classical laser pulses. The 
scheme is based on linear inversion, has no need for iterative inversion algorithm or deconvolution, and 
accounts for partial coherence. The reconstruction protocol was successfully tested on amplitude and 
phase shaped femtosecond pulses.  

S. Lerch and A. Stefanov, Opt. Express 24, 30088 (2016).  
 
 
55. Towards Few-Cycle Ultrafast Thin-Disk Lasers (Südmeyer) 

N. Modsching *, C. Paradis, M. Gaponenko, F. Labaye, V. J. Wittwer, T. Südmeyer  

norbert.modsching@unine.ch  

Ultrafast Yb-based laser systems have successfully replaced conventional Ti:Sapphire lasers in many 
industrial and scientific areas, especially for applications that operate at pulse durations of a few 
hundred femtoseconds [1]. For research areas such as high field science, shorter pulses are required. 
Bulk Yb-based oscillators have been generating pulses as short as 30 fs, but only at average power 
levels < 100 mW [2]. In contrast, the thin-disk geometry has demonstrated to be a successful approach 
in power scaling with up to 275 W of average output power in 583-fs pulses [3], and 155 W in 140-fs 
pulses [4]. However, in the sub-100-fs regime the achieved average power of thin-disk lasers (TDLs) 
has been only 5 W and the shortest pulse duration was limited to 49-fs [5,6]. Very recently, we 
generated 30-fs pulses from a Kerr lens mode-locked (KLM) Yb:CaGdAlO4 (Yb:CALGO) TDL [7], which 
is equal to the shortest Yb-bulk oscillators and 40 % shorter than previous thin-disk lasers. Moreover, 
we achieved 88-fs with 10.7 W and 35-fs pulses with 1.6 W from a KLM Yb:Lu2O3 thin disk laser [8]. 
Here we discuss and evaluate the limitations in pulse durations and power scaling of KLM ultrafast 
TDLs. We compare minimum pulse duration obtained with different combinations of dispersive mirrors 
grown on our Ion-Beam-Sputtering (IBS) machine. We observe a strong correlation between the 
bandwidth of the total cavity dispersion and the maximum bandwidth of the optical pulses. We expect 
that operating at substantially shorter pulse durations is within reach by further optimization of the 
intracavity dispersion. This will enable the direct generation of few-cycle pulses from Yb-based diode-
pumped solid-state lasers.  

1. D. T. Reid, C. M. Heyl, R. R. Thomson, R. Trebino, G. Steinmeyer, H. H. Fielding, R. Holzwarth, Z. Zhang, P. 
Del-Haye, T. Südmeyer, G. Mourou, T. Tajima, D. Faccio, F. J. M. Harren, and G. Cerullo, Roadmap on ultrafast 
optics, J. Opt. 18, 093006 (2016). 
2. J. Ma, H. Huang, K. Ning, X. Xu, G. Xie, L. Qian, K. P. Loh, and D. Tang, Generation of 30 fs pulses from a 
diode-pumped graphene mode-locked Yb:CaYAlO4 laser, Opt. Lett. 41, 890 (2016). 
3. C. J. Saraceno, F. Emaury, O. H. Heckl, C. R. E. Baer, M. Hoffmann, C. Schriber, M. Golling, T. Südmeyer, and 
U. Keller, 275 W average output power from a femtosecond thin disk oscillator operated in a vacuum environment, 
Opt. Express 20, 23535 (2012). 
4. J. Brons, V. Pervak, D. Bauer, D. Sutter, O. Pronin, and F. Krausz, Powerful 100-fs-scale Kerr-lens mode-locked 
thin-disk oscillator, Opt. Lett. 41, 3567 (2016). 
5. C. Schriber, L. Merceron, A. Diebold, F. Emaury, M. Golling, K. Beil, C. Kränkel, C. J. Saraceno, T. Südmeyer, 
and U. Keller, Pushing SESAM modelocked thin-disk lasers to shortest pulse durations, in Advanced Solid State 
Lasers (Optical Society of America, 2014), paper AF1A.4. 
6. J. Zhang, J. Brons, M. Seidel, V. Pervak, V. Kalashnikov, Z. Wei, A. Apolonski, F. Krausz, and O. Pronin, 49-fs 
Yb:YAG thin-disk oscillator with distributed Kerr-lens mode-locking, in European Quantum Electronics Conference 
(Optical Society of America, 2015), paper PD_A_1. 
7. C. Paradis, N. Modsching, M. Gaponenko, F. Labaye, F. Emaury, A. Diebold, I. Graumann, B. Deppe, C. 
Kränkel, V. J. Wittwer, and T. SÃ_dmeyer, Sub-50-fs Kerr Lens Mode-Locked Thin-Disk Lasers, in CLEO Europe - 
EQEC 2017 (Optical Society of America, 2017), paper PD-1.4. 
8. C. Paradis, N. Modsching, V. J. Wittwer, B. Deppe, C. Kränkel, and T. Südmeyer, Generation of 35-fs pulses 
from a Kerr lens mode-locked Yb:Lu2O3 thin-disk laser, Opt. Express 25, 14918 (2017). 
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56. Extreme ultraviolet light source at a megahertz repetition rate based on high-
harmonic generation inside a mode-locked thin-disk laser oscillator (Südmeyer) 

F. Labaye, M. Gaponenko*, V. J. Wittwer, A. Diebold, C. Paradis, N. Modsching, L. Merceron, F. 
Emaury, I. J. Graumann, C. R. Phillips, C. J. Saraceno, C. Kränkel, U. Keller, and T. Südmeyer  

francois.labaye@unine.ch  

Coherent extreme ultraviolet (XUV) light sources open up numerous opportunities for science and 
technology. Femtosecond laser driven high harmonic generation (HHG) in gases is the most successful 
method for coherent table-top XUV generation [1-3]. While initial HHG systems were limited to low 
repetition rates, the last years have seen a strong research efforts on MHz systems [4,5]. High 
repetition rates can strongly reduce measurement time, improve signal-to-noise ratio, and enable XUV 
frequency comb metrology. However, current MHz HHG sources have a high degree of complexity. 
Here we demonstrate a compact XUV source that generates high harmonics directly inside the cavity of 
a mode-locked thin-disk laser (TDL) oscillator [6,7]. 

The laser is directly diode-pumped at a power of only 51 W and operates at a wavelength of 1034 nm 
producing 260-fs pulses at a repetition rate of 17.4 MHz. We drive HHG in a high-pressure xenon gas 
jet with an intracavity peak intensity of 2.8Ã—1013 W/cm2 and 320 W of intracavity average power. 
Despite the high-pressure gas jet, the laser operates at high stability and its amplitude and phase 
noises is comparable to the typical values of free-running ultrafast TDL oscillators [8,9]. We therefore 
expect that CEO stabilization of a TDL oscillator can also be achieved with an intracavity HHG process. 
We detect harmonics up to the 17th order (60.8 nm, 20.4 eV) and observe a flux of 2.6Ã—108 
photons/s for the 11th harmonic (94 nm, 13.2 eV). 

Due to the power-scalability of the thin disk concept, we expect that this new class of compact XUV 
sources will become a versatile tool for areas such as structural analysis of matter, attosecond science, 
XUV spectroscopy, and high-resolution imaging.  

1. M. Ferray, A. L’Huillier, X. F. Li, L. A. Lompré, G. Mainfray, and C. Manus, "Multiple-harmonic conversion of 
1064 nm radiation in rare gases," J. Phys. B At. Mol. Opt. Phys. 21, L31–L35 (1988).  
2. T. Popmintchev, M.-C. Chen, D. Popmintchev, P. Arpin, S. Brown, S. Ališauskas, G. Andriukaitis, T. Balčiunas, 
O. D. Mücke, A. Pugzlys, A. Baltuška, B. Shim, S. E. Schrauth, A. Gaeta, C. Hernández-García, L. Plaja, A. 
Becker, A. Jaron-Becker, M. M. Murnane, and H. C. Kapteyn, "Bright Coherent Ultrahigh Harmonics in the keV X-
ray Regime from Mid-Infrared Femtosecond Lasers," Science 336, 1287–1291 (2012).  
3. R. Klas, S. Demmler, M. Tschernajew, S. Hädrich, Y. Shamir, A. Tünnermann, J. Rothhardt, and J. Limpert, 
"Table-top milliwatt-class extreme ultraviolet high harmonic light source," Optica 3, 1167–1170 (2016).  
4. S. Hädrich, M. Krebs, A. Hoffmann, A. Klenke, J. Rothhardt, J. Limpert, and A. Tünnermann, "Exploring new 
avenues in high repetition rate table-top coherent extreme ultraviolet sources," Light Sci. Appl. 4, e320 (2015).  
5. H. Carstens, M. Högner, T. Saule, S. Holzberger, N. Lilienfein, A. Guggenmos, C. Jocher, T. Eidam, D. Esser, V. 
Tosa, V. Pervak, J. Limpert, A. Tünnermann, U. Kleineberg, F. Krausz, and I. Pupeza, "High-harmonic generation 
at 250 MHz with photon energies exceeding 100 eV," Optica 3, 366–369 (2016).  
6. A. Giesen, H. Hügel, A. Voss, K. Wittig, U. Brauch, and H. Opower, "Scalable concept for diode-pumped high-
power solid-state lasers," Appl. Phys. B Lasers Opt. 58, 365–372 (1994).  
7. J. A. der Au, G. J. Spühler, T. Südmeyer, R. Paschotta, R. Hövel, M. Moser, S. Erhard, M. Karszewski, A. 
Giesen, and U. Keller, "16.2-W average power from a diode-pumped femtosecond Yb:YAG thin disk laser," Opt. 
Lett. 25, 859–861 (2000).  
8. F. Emaury, A. Diebold, C. J. Saraceno, and U. Keller, "Compact extreme ultraviolet source at megahertz pulse 
repetition rate with a low-noise ultrafast thin-disk laser oscillator," Optica 2, 980–984 (2015).  
9. F. Emaury, A. Diebold, A. Klenner, C. J. Saraceno, S. Schilt, T. Südmeyer, and U. Keller, "Frequency comb 
offset dynamics of SESAM modelocked thin disk lasers," Opt. Express 23, 21836 (2015). 
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57. Accelerating quantum dynamics calculations by pruning splitting coefficients 
obtained by composing the second-order split-operator method (Vanicek) 

Seonghoon Choi*, Julien Roulet and Jiri Vanicek  

seonghoon.choi@epfl.ch  

Accurate quantum dynamics simulations of ultrafast nonadiabatic molecular dynamics induced by the 
interaction with ultrashort laser pulses often employ the so-called split-operator method using a 
coordinate/momentum grids and the fast Fourier transform for transforming between coordinate and 
momentum representations of the wavefunction.  

It is possible to achieve a numerical method of an arbitrary order of accuracy by composing [1] 
repeatedly a first-order numerical method with its adjoint or by composing repeatedly a second-order 
symmetric method with itself. We have composed the symmetric second-order split-operator method 
(Strang splitting) in order to propagate a quantum wavepacket with an arbitrary even order of accuracy 
with respect to the time-step. The composition was done with the general fractal composition methods 
proposed by Suzuki [2] and Yoshida [3]. 

However, the direct composition of Strang splitting leads to many zero and repeated splitting 
coefficients. These result in an increased memory requirement and the zero coefficients, in addition, 
increase the computational cost. By exploiting the symmetry of the method, removing zero coefficients 
and identifying repeated coefficients, we have obtained a set of merged, nonzero, and unique splitting 
coefficients.  

The desired order of accuracy of the method was confirmed by the dependence on the size of the time-
step of the L2-norm error and of the energy of a propagated Gaussian wavepacket. Unitarity and 
symplecticity of the higher-order composed splitting methods were also confirmed.   

[1] Hairer, E., Lubich, C., & Wanner, G. (2006). Geometric numerical integration: structure-preserving algorithms for 
ordinary differential equations (Vol. 31). Springer Science & Business Media. 
[2] Suzuki, M. (1990). Fractal decomposition of exponential operators with applications to many-body theories and 
Monte Carlo simulations. Physics Letters A, 146(6), 319-323. 
[3] Yoshida, H. (1990). Construction of higher order symplectic integrators. Physics Letters A, 150(5-7), 262-268.  
 
 
58. On-the-fly ab initio semiclassical dynamics of floppy molecules: Resonance Raman 
spectra of ammonia (Vanicek)  

Sergey V. Antipov*, Sebastien Reynaud, and Jiri Vanicek  

sergey.antipov@epfl.ch  

We investigate the performance of on-the-fly ab initio dynamics combined with the thawed Gaussian 
approximation for computing vibrationally resolved resonance Raman spectra [1]. The employed 
approach does not require any a priori knowledge of the potential energy surface and, contrary to the 
popular global harmonic approximations, can account for the anharmonicity of the potential. Ammonia 
is chosen as a well-known example of a floppy molecule, which exhibits a large amplitude motion. 
Comparing the results with the experiment [2], we show that despite the strong anharmonicity of the 
potential, the on-the-fly ab initio thawed Gaussian approximation captures the main features of the 
resonance Raman spectrum. Moreover, constructing an antisymmetrized initial wavefunction of the 
ground (double-well) electronic state from two Gaussians located in different wells brings the intensities 
of the combination bands in a better agreement with experiment compared to those computed using the 
global harmonic approximation [3].   

[1] S. Reynaud, S. V. Antipov, and J. Vaniçek, In preparation. 
[2] L. D. Ziegler and B. Hudson, J. Phys. Chem. 88, 1110-1116 (1984). 
[3] D. W. Silverstein and L. Jensen, J. Chem. Phys. 136, 064110 (2012).  
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59. Local control theory with an approximate treatment of the molecule-field interaction 
(Vanicek)  

Julien Roulet*, Jiri Vanicek  

julien.roulet@epfl.ch  

The advance of pulse shaping technology has opened the field of laser control of chemical reactions. 
The local control theory [1] belongs among the most efficient approaches to control since this technique 
does not require an iterative procedure. Instead, the control field is computed on the fly, using the 
instantaneous dynamics of the system, and guarantees an increase (or decrease) of a target 
observable that commutes with the system Hamiltonian. In our case, this observable is the population 
of a selected electronic state. 

Recently, Patoz and Vaniçek have implemented [2] geometric integrators of arbitrary order of accuracy 
for treating the nonadiabatic quantum dynamics of a molecule interacting with a time-dependent 
electromagnetic field. In particular, this suite of algorithms allows both an exact treatment of the 
interaction as well as an arbitrary combination of the time-dependent perturbation theory, Condon, 
rotating wave, and ultrashort pulse approximation.  

Here we present an implementation of the local control theory using the above four approximations for 
the molecule-field interaction, since the exact treatment of the interaction with the electromagnetic-field 
can be computationally expensive. We investigate the validity of these approximations to the local 
control on several model systems, and analyze the influence of the approximations on the dynamics of 
the studied systems as well as on the computational cost of the local control simulation.  

[1] V. Engel, C. Meier, and D. J. Tannor, Adv. Chem. Phys. 141, 29 (2009). 
[2] A. Patoz and J. Vaniçek, in preparation. 
  
 
 
60. Accelerating equilibrium isotope effect calculations by stochastic change of mass 
(Vanicek) 

Konstantin Karandashev*, Jiri Vanicek  
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Accurate path integral Monte Carlo or molecular dynamics calculations of isotope effects have until 
recently been expensive because of the necessity to reduce three types of errors present in such 
calculations: statistical errors due to sampling, path integral discretization errors, and thermodynamic 
integration errors. While the statistical errors can be reduced with virial estimators and path integral 
discretization errors with high-order factorization of the Boltzmann operator, here we propose a method 
for accelerating isotope effect calculations by eliminating the integration error [1]. In particular, we show 
that the error of thermodynamic integration [2, 3] can be removed entirely by changing particle masses 
stochastically during the calculation (a trick closely related to lambda-dynamics [4, 5]) and by using a 
piecewise linear umbrella biasing potential. Moreover, we demonstrate numerically that this approach 
does not increase the statistical error. An alternative approach to remove the integration error is based 
on so-called direct estimators [6]. We demonstrate that combining the stochastic change of mass with 
the direct estimators results in a method with a lower statistical error, and therefore, in more efficient 
simulations [7]. The resulting acceleration of isotope effect calculations is demonstrated on a model 
harmonic system and on deuterated species of methane and of CH5

+.  
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61. Fluorescence depletion for real time discrimination of biological from non biological 
compounds in air and water (Wolf) 

Vittorio Pini*, Gustavo Sousa, Geoffrey Gaulier, Davide Staedler, Luigi Bonacina, Jean-Pierre Wolf  

vittorio.pini@unige.ch  

We developed an advanced pump-probe depletion spectroscopy scheme in a portable instrument to 
discriminate amino acid containing airborne particles (bacteria, humic particles, etc.) from poly-cyclic 
aromatic hydrocarbon containing combustion particles (Diesel droplets, soot, vehicle exhausts). We 
present also our recent combination of our optical set-up with a system of on demand single aerosol 
aspiration and sorting to combine fluorescence-based information with standard bioassays. We also 
show the successful translation of the fluorescence-depletion approach to liquids, demonstrating the 
detection of bacteria in flowing water for real-time pollution monitoring applications. 

 
  
62. Dielectric Nanoparticles as Efficient RGB Sources by Second, Third, and Fourth 
Harmonic Generation Excited at Telecom Wavelengths (Wolf)  

Gabriel Campargue*, Vasyl Kilin, Jeremy Riporto, Alexis Demierre, Ronan Le Dantec, Jean-Pierre Wolf, 
Yannick Mugnier, Luigi Bonacina  

gabriel.campargue@unige.ch  

The generation and control of nonlinear parametric signals at the nanoscale is paving the ways to novel 
applications in imaging, sensing, optoelectronics. To date, most of the research efforts have been 
concentrated on noble metal nanoparticles and nanostructures with a focus on their second (χ(2)) and 
third order (χ(3)) response. Some notable exceptions include the nonlinear harmonic generation by 
semiconductor nanoparticles and non-centrosymmetric metal oxide nanoparticles (Harmonic 
NanoParticles, HNPs). The latter are attracting growing interest because of their extremely high 
nonlinear coefficients, and robustness of their nonlinear response which - contrary to noble metal 
particles - is primarily associated with their bulk properties and negligibly affected by surface 
phenomena. Moreover, the sub-wavelength dimensions of HNPs lift the spectral limitations imposed by 
phase-matching conditions in bulk nonlinear crystals, enabling wide tunability of excitation light and 
emission of multiple signals at once. Here, we demonstrate the simultaneous generation of second 
(red), third (green), and fourth (blue) harmonic from a single dielectric Bismuth Ferrite nanoparticle 
excited by a telecom fiber laser at 1560 nm. We first characterize the signals associated with different 
nonlinear orders in terms of spectrum, excitation intensity dependence, and relative signal strengths. 
Successively, on the basis of the polarization-resolved emission curves of the three harmonics, we 
discuss the interplay of susceptibility tensor components at the different orders and we show how 
polarization can be used as an optical handle to control the frequency conversion properties on 
demand.  
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63. High-order Harmonic source spanning up to Oxygen K-edge for Transient 
Absorption Spectroscopy (Wolf) 

Cédric Schmidt*, Tadas Balciunas, Yoann Pertot, Mary Matthews, Kristina Zinchenko, Hans Jakob 
Wörner, Jean-Pierre Wolf  

cedric.schmidt@unige.ch  

We present a filament based setup to efficently generate high harmonics spanning from carbon to 
oxygen K-edge. The 0.2 TW sub two-cycle 1.8 μm pulse at 1 kHz repetition rate combined with a high 
pressure helium target gives sufficient flux for transient absorption experiments on gases, solids and 
liquids at the water window energies.  

 
 
64. Experimental and computational studies on the phase-sensitive ultrafast 
isomerization of Rhodopsin: towards in vivo experiments (Wolf)  

Geoffrey Gaulier*, Swarnendu Bhattacharyya, Sylvain Hermelin, Cedric Schmidt, Flann Chambers, Siri 
C. van Keulen, Luigi Bonacina, Ursula Rothlisberger, Jean-Pierre Wolf 

geoffrey.gaulier@unige.ch  

The vision process, which entails a long cascade of events going from initial photon absorption to 
nerve-impulse generation, is triggered by the rhodopsin-bound 11-cis-retinal to all-trans retinal 
isomerization. The ultrafast investigation of this primary vision step started with the pioneering paper by 
the Shank’s group where the arrival in the isomerization state in less than 100 fs was time-resolved 
using a transient absorption scheme. In 2005, Miller and Prokhorenko provided an experimental 
demonstration of optimal quantum control of the retinal photo-isomerization in bacteriorhodopsin. The 
authors showed that by applying an optimally phase- and amplitude-shaped laser pulse retrieved using 
a closed feedback approach, it was possible to increase the retinal photo-isomerization yield by 20% as 
compared with a Fourier limited femtosecond pulse. From the numerical prospective, Rothlisberger’s 
group has applied local control theory (LCT) to obtain an optimal/anti-optimal pulse at each time step of 
propagation which maximizes/minimizes the cis-trans isomerization yield of the retinal chromophore. 
The underlying nuclear quantum wavepacket has been propagated with the multi-configuration time-
dependent Hartree (MCTDH) method. The model includes the two energetically lowest electronic states 
and the two vibrational modes consisting of one tuning (torsional) mode, which brings in the 11-cis to 
all-trans transformation, and one coupling mode, which mainly involves C-C backbone stretching 
motion. On the experimental side, Wolf’s group has repeated Millers experiment and despite several 
technical differences, this second take, based exclusively on phase-shaping, fully confirmed the 
findings originally reported. The total modulation efficiency for isomerization is 6%, which is in total 
agreement with the 5-7% value reported by Miller for phase-only shaping. Moving on this pathway, 
Wolf’s group recently investigated whether it is possible to manipulate the photo-isomerization yield of 
photoreceptor molecules in a live mouse by modulating the spectral phase of a green femtosecond light 
pulse and record the electric signal generated by the retina. We present the preliminary results of this 
approach.  

1. Shank et al. The first step in vision: femtosecond isomerization of rhodopsin. Science (1991). 
2. Prokhorenko et al. Coherent control of the isomerization of retinal in bacteriorhodopsin in the high intensity 
regime, The Journal of Chemical Physics (2011). 
3. El Hage et al. Implications of short time scale dynamics on long time processes, Structural Dynamics (2017).  
 
 
  



42 
 
 

65. Attosecond-Streaking of SXR Pulses Generated by MIR Laser Sources (Wörner) 

T. Gaumnitz*, A. Jain, Y. Pertot, M. Huppert, I. Jordan, F. Ardana-Lamas, and H.J. Wörner  

Thomas.Gaumnitz@phys.chem.ethz.ch  

Attosecond metrology has so far remained limited to Ti:Sa lasers combined with an active stabilization 
of the carrier-envelope phase (CEP) where the achievable photon energy is limited to ~100eV. This is 
too low to access X-ray absorption edges of most second- and third-row elements which are central to 
chemistry, biology and material science. The quadratic scaling of the ponderomotive energy with 
wavelength enables to generate photon energies in the SXR domain with MIR laser sources. 

We use our commercial TiSa laser system (5mJ, 1 kHz) to generate 1.8 µm MIR pulses with an OPA 
(TOPAS HE, conversion efficiency 34%), which is spectrally broadened to an octave in a static filled 
hollow core fiber delivering a power of up to 540mW. Recompression to the few-cycle regime is 
performed by a pair of fused silica wedges. A fraction of the beam is used to measure to the CEP 
stability with a single-shot stereo ATI phase meter. This allows for the first time to carry out phase 
tagged VMI experiments in the mid-IR region [1]. The CEP stability was found to be better than 
300mrad rms, remarkably better than previously reported values [2]. 

Using a 2-cycle MIR pulse centered at 1.6 µm after spectral broadening for high harmonic generation in 
Ar and Ne within an existing beamline [3, 4] allows to generate soft-X-ray (SXR) supercontinua 
reaching up to 180eV photon energy. To obtain an isolated SXR pulse spectral filtering with metallic 
filters (Zr, Ag, Nb) was performed. By scanning the CEP and the pulse duration of the mid-IR driver the 
longest cut-off continuum was found and used for as-streaking with different gases.  

We use our recent generalization of the Volkov-transform generalized projection algorithm (VTGPA [5]) 
with its application to multiple overlapping photoelectron bands [6] in Xenon where we obtained a 
record SXR pulse duration of only (43±1) as [6]. This method allows for the complete temporal 
reconstruction of both IR and SXR pulses under the inclusion of accurate complex photoionization 
matrix elements (PMEs). We also compare the performance of our new method with traditional 
algorithms [7].  

[1] H. Li, N.G. Kling, T. Gaumnitz, C. Burger, R. Siemering, J. Schötz, Q. Liu, L. Ban, Y. Pertot, J. Wu, A.M. Azzeer, 
R. de Vivie-Riedle, H.J. Wörner, and M.F. Kling, “Sub-cycle steering of the deprotonation of acetylene by intense 
few-cycle mid-infrared laser fields”, Optics Express 25(13), 14192, (2017).  
[2] B. Schmidt, A. Shiner, P. Lassonde, J. Kieffer, P. Corkum, D. Villeneuve, and F. Légaré, “CEP stable 1.6 cycle 
laser pulses at 1.8 μm“, Optics Express 19(7), 6858-6864, (2011).  
[3] M. Huppert, I. Jordan, and H.J. Wörner, “Attosecond beamline with actively stabilized and spatially separated 
beam paths” Review of Scientific Instruments 86(12), 123106, (2015).  
[4] I. Jordan, M. Huppert, M.A. Brown, J.A. van Bokhoven, and H.J. Wörner, “Photoelectron spectrometer for 
attosecond spectroscopy of liquids and gases”, Review of Scientific Instruments 86(12), 123905, (2015).  
[5] P.D. Keathley, S. Bhardwaj, J. Moses, G. Laurent, and F. X. Kärtner, “Volkov transform generalized projection 
algorithm for attosecond pulse characterization”. New Journal of Physics, 18(7), 1–14, (2016).  
[6] T. Gaumnitz, A. Jain, Y. Pertot, M. Huppert, I. Jordan, F. Ardana-Lamas, and H.J. Wörner “Streaking of 43-
attosecond soft-X-ray pulses generated by a passively CEP-stable mid-infrared driver”, Optics Express 25(22), 
27506, (2017).  
[7] Y. Mairesse and F. Quéré, “Frequency-resolved optical gating for complete reconstruction of attosecond bursts”, 
Physical Review A 71(1), 1-4, (2005). 
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66. Beamline for attosecond time-resolved transient-absorption spectroscopy in a 
water window (Wörner)  

K. Zinchenko*, F. Ardana-Lamas*, Y. Pertot, M. Huppert, H. J. Wörner  

kristina.zinchenko@phys.chem.ethz.ch  

We have recently completed the construction of an ultrafast pump-probe experiment as an excellent 
tool to perform attosecond time-resolved transient absorption spectroscopy. The generation of 
broadband ultrashort pulses spanning the water window spectral region enables the measurement of 
the transient-absorption spectra at several absorption edges simultaneously. The attosecond temporal 
resolution naturally provides atomically resolved dynamical information of electrons in gases, liquids 
and solids. In the present study, the soft X-ray high-harmonic source with a cutoff energy extended to 
300eV is derived from an intense 1.8µm pulse generated in a three-stage optical parametric amplifier, 
and subsequently broadened in an argon-filled hollow core fiber. We demonstrate the first results from 
our experimental setup showing the ability to generate photons at energies above the carbon K-edge 
(285eV) and record an absorption spectrum near the L-edge of sulfur hexafluoride (SF6), and thereby, 
open the path towards time-resolved studies in sulfur dioxide (SO2) and carbonyl sulfide (OCS).  

1. Y. Pertot et al., “Time-resolved x-ray absorption spectroscopy with a water window high-harmonic source,” 
Science, 355, 264-267 (2017).  
2. C. Schmidt et al, “High-order Harmonic source spanning up to Oxygen K-edge for Transient Absorption 
Spectroscopy,” in preparation. 
   
 
67. Attosecond-Streaking Spectroscopy on a Liquid-Water Microjet (Wörner) 

A. Jain*1, R. Heider2, M. Wagner2, A. Duensing2, T. Gaumnitz1, I. Jordan1, J. Ma1, J. Riemensberger2, 
M. Mittermair2, W. Helml2, R. Kienberger2, H. J. Wörner1(1) Laboratorium für Physikalische Chemie, 
ETH Zürich.(2 Physik-Department, TU München  

arohi.jain@phys.chem.ethz.ch  

 
Attosecond-streaking [1] experiments on gas- and liquid-phase water employing the liquid microjet are 
presented. Isolated attosecond XUV pulses centered at 80, 90 and 105 eV along with the streaking NIR 
field are focussed on a liquid microjet (25 Âµm diameter). Scanning the delay between the XUV pump 
and the NIR streaking pulse (sub-5 fs, CEP stabilized) allows us to obtain streaking spectrograms. 
Successive measurements on gas-phase water evaporating from the liquid microjet and from liquid 
water inside the microjet are performed by translating the jet in and out of the laser focus. The streaking 
traces are used to extract delays between the inner- and outer-valence bands, giving access to the 
attosecond dynamics of photoionization, transport and scattering processes in water. The 
measurements on gas-phase water molecules provide effective photoionization delays of ~5 as 
between the outer- (1b1, 3a1, 1b2) and inner-valence (2a1) shells. For the case of liquid-water, using 
the spectrogram fitting technique [2,3], we obtain a delay of ~14 as at 90eV photon energy between 
photoelectrons emitted from the outer- and inner-valence shell. Measurements on liquid water provide 
insight into transport of electrons through liquid water on the attosecond time scale, including elastic 
and inelastic scattering of electrons with liquid-phase water molecules. We investigate the energy 
dependent delays between outer and inner valence band, by using XUV centred at 80, 90 and 105 eV. 
We further probe the effect of applying a retarding potential on the liquid microjet to get rid of gas-phase 
contribution to the measured delays.  
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Manipulating and probing of magnetic order with light is both interesting for future energy-efficient 
applications and provides deep insight on the fundamental level of light-matter interaction. Recently, in 
the context of ultrafast non-thermal spin excitations, the inverse Faraday effect (IFE) attracted 
significant interest. Based on this effect, a circularly polarized light pulse induces an effective magnetic 
field, which can be used to excite the spin system in a material. Besides the 180° phase shift upon 
changing the pump helicity, the initial phase is an important characteristic to verify the IFE as the origin 
of the spin excitation. In our poster, we will present recent results, where we exploite the IFE to 
selectively excite a magnon mode in the antiferromagnetic multiferroic compound hexagonal HoMnO3 
and probe the magnetic system by Faraday rotation. The intimate coupling between the Ho and the Mn 
ions causes a spin reorientation between two different antiferromagnetic orders. We find that at the 
phase transition, the mode softens and the initial phase changes by almost p/2, changing the time-
dependence of the Faraday signal from a sine to a cosine-like wave. Calculations based on Landau-
Lifshitz-Gilbert dynamics verify that the enhanced damping at the phase transition is the origin of the 
change of the initial phase. Our findings show that Gilbert damping, which was hitherto neglected for 
discussions of the IFE, can in fact have a dramatic influence and give new insights into the dynamics of 
magnetic phase transitions. 


