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In the 2In the 2ndnd  year of the year of the 

XLIC Action, 32 STSMs XLIC Action, 32 STSMs 

were accepted . The were accepted . The 

total STSM budget  total STSM budget  

(until 31(until 31st st May 2015) has May 2015) has 

been assigned. been assigned.   

  

STSMs under 3STSMs under 3rd rd year of year of 

the XLIC Action  can the XLIC Action  can 

start at the earliest on start at the earliest on 

22nd nd June 2015.June 2015.  

  

Scientific highlights: 

 Einstein-Bohr “gedanken” 

experiment made real at 

last (p. 2) 

 Nonadiabatic quantum 

dynamics predissociation 

of H2O (p. 3)  

 A coreography for two 

electrons on the stage   

(p. 4) 

 Direct signature of light-

induced conical intersec-

tions in diatomics (p. 4) 

 

XUV/X-ray light and fast 
ions for ultrafast chemistry 

This Newsletter is sup-

ported by COST Action 

CM1204 (XLIC).  

COST is supported by the 

EU Framework Programme 

Horizon 2020.  

The 2nd meeting 

organised in the 

f r amewo rk  o f 

Working Group 2 

of the Action will 

take place in Frus-

ka gora (Serbia) from 27th to 30th April, 2015. It will be 

the Expert Meeting centered on biomoleculesExpert Meeting centered on biomolecules.  

Aleksandar Milosavljević 
University of Belgrade, Belgrade, Serbia 

http://www.xlic-wg2-2015.ipb.ac.rs/ 

The first Theoretical School of the XLIC COST Action took place in Zaragoza (Spain) at ZCAM Confer-

ence Building, from 9th to 20th March 2015. It was co-organised with CECAM (www.cecam.org) and the ITN 

CORINF (www.corinf.eu).  

The school was articulated in two modules of one week each. The first, entitled “Molecular Excited States”, 

dealt with the calculation of bound electronically excited states in small polyatomic molecules and the subse-

quent time evolution of the 

nuclei on and across elec-

tronic potential-energy sur-

faces. The ab-initio calculation 

of these processes, which are 

at the core of all chemical 

transformations initiated by 

light, are receiving increasing 

interest due to their potential 

applications to many areas of 

both fundamental and applied 

chemistry. This is also thanks 

to the development of faster 

computers and new method-

ologies, which has made it 

possible to study in a time-

resolved way the reactivity of 

increasingly larger systems. 

The second module, enti-

tled “New Computational Methods for Attosecond Molecular Processes”, introduced its participants to state-of-the

-art ab-initio, hybrid and TDDFT numerical methods that can cope with the ultra-fast electron dynamics trig-

gered by sub-femtosecond light pulses. The classes in this module had an emphasis on the dynamics of un-

bound electron wave packets generated by the interaction of atoms and molecules with strong-fields, and on 

the need to go beyond single-active-electron models to properly account for the role of electron correla-

tion.  

Both modules included theoretical and practical sessions. The participants gave very positive evaluations of 

the content and quality of the lectures. Trainees attending the school (53 in total) ranged from postdoctoral 

researchers to MSc students. 

Beatriz Martín and Manuel Alcamí (Universidad Autónoma de Madrid, Madrid, Spain) 

The 3rd meeting organized in the framework of WG 2 of the 

Action - the Expert Meeting "Energetic Processing of Energetic Processing of 

Large Interstellar MoleculesLarge Interstellar Molecules" - will take place at the 

Lorentz center in Leiden (The Netherlands) from 11th to 

13th May, 2015. The meeting brings together experts from 

the XLIC and astrochemistry communities. The goal is to 

overview processing of large molecules by energetic ions and 

UV and X-ray photons and their implications for the evolution 

of astrophysically relevant molecules, in particular carbon-

based molecules such as Polycyclic Aromatic Hydrocarbons. 

The workshop's ultimate aim is to define concerted actions on 

well-defined projects involving members of both networks, 

XLIC and Astrochemistry. 

 Ronnie Hoekstra  
Zernike Institute for Advanced Materials, Groningen, The Netherlands     

http://www.lorentzcenter.nl/lc/web/2015/725 
/info.php3wsid=725&venue=Snellius 

organises two 

Expert Meetings: 

biomolecules and PAHs 

 

Module 1 

Module 2 

mailto:g.a.worth@bham.ac.uk
mailto:g.a.worth@bham.ac.uk
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X L I C  N E W S L E T T E R  

Publication list of the 

XLIC members is regu-

larly updated on our 

webpage.  

If you want to receive 

information about new 

communications join a 

mailing list:   

xlic-publications-l@uam.es  

Molecular Electron Dynamics investigated by Intense Fields and Attosecond PulsesMolecular Electron Dynamics investigated by Intense Fields and Attosecond Pulses         

is a Marie Skłodowska-Curie Innovative Training Networks (ITN-ETN) funded in the framework of the HORI-

ZON 2020 program. The main objective of the MEDEA proposal is to create a platform where Early Stage 

Researchers will receive an inter-disciplinary and inter-sectoral comprehensive research training in the 

generation and application to molecular dynamics of attosecond and intense extreme ultraviolet pulses. The research project  will be 

contributed by leading universities and research centers, and by key-player companies in the development and commercialization of state

-of-the-art ultrafast laser sources and detection systems. Fifteen Early Stage Researcher positions are available at different European re-

search centers, universities, and industrial partners within the network.   

More information can be found at the following link: http://www.medea-horizon2020.eu 

W W W . X L I C . E U  

Job offers are regularly 

updated on the XLIC 

webpage (“open posi-

tions “ at www.xlic.eu)  

Source:  

F. Martín, Thought 

experiments made 

real,  

Nature Photonics 

9, 76 (2015)  

and  

X-J. Liu et al., 

Einstein–Bohr recoi-

l ing double-sli t 

gedanken experi-

ment performed at 

the molecular level, 

Nature Photonics 

9, 120 (2015) 

  

   

 

Young’s double-slit experiment with massive particles is nowadays 

viewed as the simplest demonstration of wave-particle duality. The 

question of whether it is possible to determine through which slit 

the particle passes while preserving the interference patterns has 

been the object of passionate scientific and philosophical discus-

sions. According to Bohr’s complementarity principle of Quantum 

Mechanics, the determination of which slit the particle passes 

through inevitably destroys the wave aspects and implies the disap-

pearance of the interference. Einstein disagreed with this point of 

view and argued that it would be possible to obtain detailed infor-

mation on position and momentum by using the universally ac-

cepted laws of conservation of energy and momentum. To prove it, 

he suggested a “gedanken” experiment, the so called «Einstein-

Bohr recoiling double-slit gedanken experiment», in which one of 

the two slits in Young’s experiment is allowed to move.  Measuring 

the momentum transfer between the particle and the moving slit 

would allow one to identify which slit the particle passed through 

on its way to the screen. And this without destroying the inter-

ference pattern.  In a News & Views in Nature Photonics 9,76 

(2015)  Fernando Martín comments on the first experimental reali-

zation of the Einstein-Bohr “gedanken” experiment by using a molecular double slit. The original article (X-J. Liu 

et al. Nature Photon. 9, 120 (2015)) involved groups of 

the XLIC Action and the experiment was performed at 

the SOLEIL synchrotron (France). 

Contact: ejdtccm@uam.es 

Einstein-Bohr “gedanken” experiment made real at last 

Contact:  Fernando Martín  (fernando.martin@uam.es )

Catalin Miron (catalin.miron@synchrotron-soleil.fr) 

PhD fellowships PhD fellowships --  Theoretical Chemistry and Computational Modelling (TCCM)Theoretical Chemistry and Computational Modelling (TCCM)   
A Consortium of 12 European Universities and 14 associated partners, including 9 private companies, under the coordination of the Uni-

versidad Autonoma of Madrid (Spain), offers 15 fully-funded 3-year PhD fellowships within the European Joint Doctorate Program in Theo-

retical Chemistry and Computational Modelling (EJD-TCCM), funded under the framework of the Innovative Training Networks of the 

Marie Skłodowska-Curie Action ITN-EJD-642294. A detailed list of the projects and the institutions involved can be consulted on our web-

site: http://emtccm.qui.uam.es/?page_id�5 . The research projects are focused on three fields: 

• molecular materials: to design new materials with special properties that open new applications in nanoelectronics, nanomagnetism, 

gas-sensing, gas separation or catalysis; 

• biomelecules at the frontier for new therapies: to extend the modelling techniques of biomolecules to new problems in the frontier of 

physics, chemistry and biology by treating the interaction with photons for the design of photostable drugs or new photosensitizers for 

cancer phototherapies or by treating the interaction with ions to design new methods for structural characterization, or the interaction 

with highly charged heavy ions for cancer treatments.; 

• energy: to design more efficient compounds for photovoltaic organic cells and to design new materials for energy storage.  

We offer:  

• a 3-year European Joint Doctorate with cross-disciplinary thesis research in an stimulating, international scientific environment; 

• working in top European Universities in at least two different countries; 

• supervision and mentorship by a team of internationally renowned experts; 

• advanced training (scientific, transferable skills, career orientation) opportunities in English; 

• 2-10 months placement in private companies; 

• an employment contract with full social security coverage. 
 

Applications must be submitted online at our website http://emtccm.qui.uam.es/?page_id82 .  

The deadline is 15th April 2015. PhD projects start in summer/autumn 2015. We look forward to hearing from you! 

 

http://www.nature.com/nphoton/journal/v9/n2/full/nphoton.2014.289.html
http://www.nature.com/nphoton/journal/v9/n2/full/nphoton.2014.289.html
http://www.nature.com/nphoton/journal/v9/n2/full/nphoton.2014.289.html
http://www.nature.com/nphoton/journal/v9/n2/full/nphoton.2014.289.html
http://www.nature.com/nphoton/journal/v9/n2/full/nphoton.2014.289.html
mailto:ejdtccm@uam.es
http://emtccm.qui.uam.es/?page_id%EF%BF%BD5
http://emtccm.qui.uam.es/?page_id%1282


Nonadiabatic quantum dynamics predissociation of H2O 
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The ionization of water molecules and the 

ensuing fragmentation, which yields the 

singly charged ions H+, OH+, and O+, are 

relevant processes in several fields. In astro-

physics, for example, the water cation has 

been detected in the interstellar medium, 

molecular clouds, planetary atmospheres, 

and cometary comae. The ionization of H2O 

is also a primary reaction in radiation-

induced damage of biological systems. 
 

The examination of the energies of the elec-

tronics states of  H2O
+ shows that the ioni-

zation of water with photons of energy low-

er than 21.2 eV leads to the population of 

the electronic states X̃2B1, Ã 2A1, and          

B̃ 2B2 of H2O
+. The energies of the vibronic 

states formed by vertical ionization in-

to X̃ and Ã electronic states lie below the 

dissociation threshold, while vibrational 

states with energies above the dissociation 

channels H(1s) + OH+ (X3Σ–) and H+ + OH

(X2Π) can be populated in the ionization 

into the B̃ state. 
 

The present work [1] targets the theoretical 

calculation of H2O
+ (B̃ 2B2) fragmentation 

probabilities by means of 3D wave packet 

propagations on several potential energy 

surfaces (PESs). The potential surfaces and 

non-adiabatic couplings have been calculat-

ed using the multi-reference  configuration -

interaction method implemented in the 

MOLPRO package [2]. The dissociation 

probabilities have been obtained by means 

of nuclear wave packet propagations em-

ploying a computational method 

(GridTDSE) [3] that is naturally suited for 

massive parallel calculations. This tech-

nique consists of a direct numerical integra-

tion of the 3D time-dependent Schrödinger 

equation, which has been modified to incor-

porate nonadiabatic transitions.  
 

The initial nuclear wave function of our 

calculation is the Franck-Condon wave 

packet, obtained by a vertical transition of 

the vibrational ground state of H2O. The 

nonadiabatic transitions B̃ → Ã  near the 

conical intersection between the corre-

sponding PESs provide an efficient mecha-

nism for depopulating the B̃ state and, even-

tually, lead to the fragmentation of the mo-

lecular ion. In practice, the wave packet 

propagation is carried out on a set of dia-

batic states, assuming that the nonadiabatic 

couplings in the diabatic basis vanish. Ac-

cording to our results, the initial wave pack-

et, originally at the B̃ state, rapidly reaches 

the CI, where nearly 100 % of it is trans-

ferred to the Ã state within the first 7 fs. 

During the following 10 fs, the wave packet 

evolves in the Ã PES showing a highly 

excited bending motion until it returns to 

the CI at t ≈ 20 fs, but, by that time, the 

wave packet has explored a broader region 

of the position space, and only about 1/3 of 

it returns to B̃. This part of the wave func-

tion spends another ~7 fs on B̃ before revis-

iting the CI and repopulating the Ã elec-

tronic state. From then on, part of the wave 

function is continuously being transferred to 

the X̃ surface by the Renner-Teller cou-

pling, only efficient in the region close to 

the linear geometry where the Ã  PES mini-

mum is located. The system reaches asymp-

totic conditions after 10 ps, when the frag-

mentation probabilities are, assuming low 

rotational excitation of the water molecule, 

63% for production of OH+ (3Σ–) + H and 

30% for H+ + OH (2Π), remaining 7% of 

H2O
+, in excellent agreement with the ex-

perimental results [4]. 

Three electronic potential 
energy surfaces (PES) 
participate in the fragmen-
tation of water cations. 
Black (B̃ 2B2) and red        
(Ã 2A1) PESs display a 
conical intersection, while 
red (Ã 2A1) and blue          
(X̃ 2B1) are coupled by a 
Renner-Teller interaction at 
linear configurations.  

Contact: Ismanuel Rabadan 

(ismanuel.rabadan@uam.es)  

 

Some selected communications 
Attosecond hole migration in benzene molecules surviving nu-

clear motion  

V. Despré, A. Marciniak,  V. Loriot, M. C. E. Galbraith, A. Rouzée,            

M. J. J. Vrakking, F. Lépine , A. I. Kuleff,  J. Phys. Chem. Lett. 6, 426 (2015) 
 

Proton-induced damage on 2-aminooxazole, a potential prebiotic 

compound  

M.C.  Bacchus-Montabonel, J. Phys. Chem. A 119, 728 (2015) 

 

Using beryllium bonds to change halogen bonds from traditional 

to chlorine-shared to ion-pair bonds 

I. Alkorta, J. Elguero, O. Mo, M. Yanez, J. E. Del Bene, Phys. Chem. Chem. 

Phys. 17, 2259 (2014)  
 

A GPGPU based program to solve the TDSE in intense laser 

fields through the finite difference approachradiation of laser  

C. O. Broin and L. A. A. Nikolopoulos, Comput. Phys. Commun. 185,  

1791 (2014) 

The French collaboration  has developed a new compact source of 

bright, coherent, quasi-circular pulses in the extreme  ultraviolet 

based on resonant  high-order  harmonic  generation  of  an  elliptical  laser  

pulse [1]. This development is based on a shape molecular resonance that 

induces a phase jump in the harmonic emission with a switch in the polariza-

tion state [2]. This type of source opens the route to table-top time-

resolved femtosecond and attosecond chiroptical experiments. 
 

[1] A. Ferré, C. Handschin, M. Dumergue, F. Burgy, A. Comby, D. Des-

camps, B. Fabre, G. A. Garcia, R. Géneaux, L. Merceron, E. Mével, L. Nahon, 

S. Petit, B. Pons, D. Staedter, S. Weber, T. Ruchon, V. Blanchet,  Y. Mai-

resse,  Nature Photonics 9, 93 (2015) 

[2] A. Ferré, A. E. Boguslavskiy, M. Dagan, V. Blanchet,  B. D. Bruner,  F. 

Burgy, A. Camper, D. Descamps, B. Fabre,  N. Fedorov,  J. Gaudin,  G. Geof-

froy,  J. Mikosch,  S. Patchkovskii, S. Petit,  T. Ruchon, H. Soifer, D. Staedter,  

I. Wilkinson, A. Stolow, N. Dudovich, Y. Mairesse, Nature Communications 

6, Article number: 5952 (2015) 

[1] J. Suarez  et al J. Phys. Chem. Lett. 6, 72
(2015) 

[2] H.-J. Werner et al  WIREs Comput. Mol.  

     Sci. 2, 242  (2012)  
[3] J. Suarez  et al  Comput. Phys. Commun.  

     180, 2025–  (2009)  

[4] K. H. Tan et al Chem. Phys.  29, 299  
     (1978) 
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Direct signature of lightDirect signature of light--induced conical intersections in diatomicsinduced conical intersections in diatomics  

 

© COST Office, 2014    No permission to reproduce or utilise the contents of this Newsletter by any means is necessary, other than in the case of images, diagrams or other 

material from other copyright holders. In such cases, permission of the copyright holders is required . 

Contact:  Agnes Vibók 

(vibok@phys.unideb.hu) 

More details: G. J. Halász et al J. Phys. 

Chem. Lett. 6, 348 (2015) 

Nonadiabatic effects are ubiquitous in physics, chemistry and biology. They are strongly amplified by conical intersections (CIs) which are 

degeneracies between electronic states of triatomic or larger molecules. A few years ago it has been revealed that CIs in molecular systems 

can be formed both by running and standing laser light even in diatomics. In this situation the rotational degree of freedom comes into play 

and serves as a proper second degree of freedom so as to form the branching space where the degeneracy is lifted. It has been demonstrated 

in several former theoretical works that due to the prevailing strong nonadiabatic couplings, the LICIs have strong impact on the dynamical 

properties of molecular systems.  

Recently, we have made an attempt to provide and analyse a physical event which may serve as an undoubted evidence of the LICI, giving a 

“direct observable signature” of the presence of this intersection. It is known in the field of nonadiabatic molecular dynamics that due to the 

extreme breakdown of the Born-Oppenheimer approximation, conical intersections are responsible for ultrafast radiationless processes, typi-

cally on the femtosecond time scale. They provide pathways for extremely fast population transfer between electronic states. This latter effect 

is probably the most important inherent feature of the CIs. Nevertheless, until now one could not find an unambiguous experimentally meas-

urably quantity which reflects directly this population transfer between electronic states for a LICI. We found a physical process, where an 

ultrafast population transfer takes place between the electronic states of a diatomic molecule, providing direct evidence for the existence of 

the LICI. The photodissociation process of the D+
2 molecule serves 

as a show case physical example. We used the exact time dependent 

Hamiltonian and calculated the dissociation rate which provides a 

direct and experimentally measurable impact of the LICI. One and 

two dimensional calculations (1d, 2d) have been performed. In the 1d 

calculations the Hamiltonian depends only parametrically on the rota-

tional degree of freedom (), therefore the LICI is not taken 

into account. The structure and magnitude of the 2d (= 5) 

dissociation rates close to =/2 undoubt-

edly demonstrate the strong nonadiabatic 

effects due to the presence of the LICI. 

Contact:  Fernando Martín  (fernando.martin@uam.es ) 

Snapshots of correlat-
ed motion of the two 

electrons of helium. 

15.3 femtosecond (fs) 
after starting the clock, 

the two electrons are 

near the nucleus (red 
area near the center of 

the image) and then 

move away from it. 
Color indicates the 

probability of finding 

an electron at the posi-
tion A (vertical axis) 

and the second of 

electrons in the position B (horizontal axis) on a line drawn through the atom 
(along the direction of laser polarization). A femtosecond later, i.e. 16.3 

femtoseconds after starting the clock, electrons have moved back to its origi-

nal position.  

A coreography for two electrons on the stageA coreography for two electrons on the stage  
XChem team, together with researchers at Max Planck Institute 

for Nuclear Physics, Germany, have for the first time observed and 

controlled the synchronized movement of the two electrons that make 

up the helium atom. The work opens the way for the production of 

substances that cannot be synthesized using conventional chemical 

methods. 

Electrons moving around an atom nucleus minimize the effect of 

mutual repulsion by avoiding each other. This results in a "correlated" 

or "concerted" movement, in which the behavior of a single electron 

affects the others. So far, this movement had eluded direct experi-

mental observation of scientists. In the latest issue of the journal Na-

ture, Spanish and German scientists not only presented the first film of 

correlated motion of the two electrons that make up the helium atom, 

they also report having controlled the footsteps of his particular 

'dance'. 

To do this they used an advanced version of a technique known as 

Attosecond Transient Absorption Spectroscopy (ATAS), which com-

bines pulses of visible and ultraviolet light to an ultrafast time scale 

(about a trillionth of a second). 

Experiments consisted on the measure of the transparency of a 

sample of helium with short flashes of ultraviolet light, depending on 

the time between the flash and a red pulse generated by a titanium-

sapphire laser. The ultraviolet pulse leads the atom to an excited state, 

where both electrons oscillate in concert. Red light pulse weakens or 

strengthens the ultraviolet light absorption as a function of the relative 

position of the two electrons and thus, the time between this pulse and 

the ultraviolet pulse. From variations in ultraviolet absorption, the 

movement of both electrons can be reconstructed and thereby generate 

a motion film. The control of this 

movement was achieved by varying the intensity of the red 

pulse. 

Since most of the bonds holding atoms - from water molecules to 

DNA - are formed by a two electron pair, this work opens the door to 

control the properties of chemical bonds and perhaps to produce com-

pounds that cannot be obtained using standard procedures in chemis-

try. 

These results were obtained with the help of unprecedented quan-

tum mechanical calculations carried out in the frame of XChem pro-

ject. 

Editorial Bord 

A. Domaracka 

(CIMAP, France)  

M. Alcamí (UAM, Spain) 

(info@xlic.eu) 

This Newsletter may be cited 

as: COST Action CM1204 – 

XLIC Newsletter N°4 

 

See also: C. Ott, et al 

Nature 516, 374 (2014)  

On left: Potential energies of the D+
2 molecule and the lightinduced conical 

intersection (LICI). The dressed adiabatic surfaces as a function of the intera-

tomic distance R and the angle  between the molecular axis and the laser 

polarization exhibiting the LICI for a  eld intensity of 31013 Wcm-2 . On right: 

Fragment angular distributions of the dissociating D+
2 molecule for  = 5 initial 

vibrational state. Curves are presented both for one dimensional (1d) and for 

two dimensional (2d) cases. The applied  eld intensity is 1 1014Wcm-2. 

 


