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Dear participants, 

Throughout his career, Prof. Jeppe Olsen has worked on the hardest of all problems in 
quantum chemistry: the accurate treatment of electron correlation. Particularly im-
portant have been his contributions to the development of multiconfigurational meth-
ods for static correlation, including efficient optimization techniques and advanced 
configuration-interaction methods. His pioneering contributions to time-dependent 
molecular properties established the framework and language of response theory in 
quantum chemistry, subsequently generalized and developed in many directions. He 
has contributed to the development and understanding of high-accuracy methods in 
quantum chemistry, including an explanation of divergence of Møller–Plesset theory. 
Jeppe Olsen is known to a whole generation of quantum chemists as an inspiring and 
influential teacher at European summer schools. There are therefore many reasons to 
gather together to celebrate Jeppe and his important contributions to our science. 

His impressive professional work apart, Jeppe is a terrific person, a good friend, and a 
wonderful character. The responses to our invitations to the Magical Mystery Tour in 
Electron Diffraction were universally enthusiastic and we are delighted to present a 
quality-packed three-day program, where more than thirty prominent scientists in the 
field of electronic-structure will present their recent work, creating a broad picture of 
the state of the art.  

 

Trygve Helgaker, Thomas Bondo Pedersen, and Simen Reine 

Organizing committee 

 

 

 

 

 

 

 

 

 

 

Sponsor:  

MMTEC is sponsored by the Centre for Theoretical and Computational Chemistry (CTCC), a 
Centre of Excellence established by the Research Council of Norway in 2007 and shared be-
tween the University of Tromsø and the University of Oslo. You are invited to visit the home 
page http://www.ctcc.no/ or, even better, to visit the CTCC research groups for a shorter or 
longer period, noting that the CTCC has an extensive program for visiting scholars. 
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Program Monday 24 October 

10:00 Registration opens 
       
12:00 Lunch       

12:50 Opening – Trygve Helgaker 

 

Session I — chair Hans Ågren    

13:00 Per-Åke Malmqvist, Lund University, Sweden (L1): 
 Cr2 – the never-ending Story? 

13:30 Hans Jørgen Aagaard Jensen, University of Southern Denmark, Denmark (L2): 
 Magical mystery tour of correlation: What about MC-srDFT? 

14:00 Laura Gagliardi, University of Minnesota, Minneapolis, USA (L3): 
 Multireference methods for excited-states and transition-metal containing systems 

14:30 Giovanni Li Manni, Max-Planck-Institute Stuttgart, Germany (L4):  
 Combining Stochastic-CASSCF and Multi-Configuration Pair-Density Functional 
 Theory 

15:00  Coffee 

 

Session II – chair Jürgen Gauss 

15:30 Andreas Köhn, University of Stuttgart, Germany (L5): 
Extensivity and size consistency in multireference theories 

16:00 Mihály Kállay, Budapest University of Technology and Economics, Hungary (L6): 
Exact density functional and wave function embedding schemes based on orbital localization 

16:30 Hans-Joachim Werner, University of Stuttgart, Germany (L7): 
Explicitly correlated local coupled-cluster methods using pair natural orbitals 

17:00 Janus Juul Eriksen, University of Mainz, Germany (L8): 
Efficient and portable acceleration of quantum chemical many-body methods in mixed float-
ing point precision using OpenACC compiler directives 

17:30  Coffee 

  

Session III – chair Danny Yeager 

18:00 Ove Christiansen, University of Aarhus, Denmark (L9): 
Tensor decomposition and vibrational coupled cluster theory  

18:30 Antonio Rizzo, National Research Council, Pisa, Italy (L10):  
Nonlinear electronic (mainly chiral) spectroscopies: recent contributions of theory and calcu-
lation (and the story of the man and his quest for salt) 

19:00 Timo Fleig, University Paul Sabatier, Toulouse, France (L11): 
The search for beyond-standard-model physics using atoms and molecules 

19:30 Trond Saue, University Paul Sabatier, Toulouse, France (L12): 
Variational perturbation theory in geochemistry 
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Program Tuesday 25 October 

   
Session IV – chair Dage Sundholm  

09:00 Hans Ågren, KTH Royal Institute of Technology, Stockholm, Sweden (L13): 
How to avoid the electron correlation problem � 

09:30 Frank Jensen, Aarhus University, Denmark, (L14): 
 Modelling the electrostatic energy in force fields  

10:00 Stephan P. A. Sauer, University of Copenhagen, Denmark (L15): 
Atomistic modelling of hadron radiation damage to DNA: from stopping powers to reaction 
kinetics 

10:30 Per-Olof Åstrand, NTNU, Trondheim, Norway (L16): 
Platinum clusters with a carbon support material as catalysts: ReaxFF simulations and DFT 
calculations 

11:00 Coffee  

 

Session V – chair Peter Taylor   

17:00 Dage Sundholm, University of Helsinki, Finland (L17): 
 Three-dimensional fully numerical electronic structure theory methods 

17:30 Kenneth Ruud, UiT The Arctic University of Norway, Tromsø, Norway (L18): 
Basis-set error-free calculations of energies and magnetic properties  

18:00 Ida-Marie Høyvik, NTNU, Trondheim, Norway (L19): 
Density based Hartree–Fock energy optimization in a nonorthogonal molecular orbital basis  

 

18:30 Poster Session 
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Program Wednesday 26 October 

 
Session VI  – chair Henrik Koch   

09:00 Filip Pawłowski, Aarhus University, Denmark (L20): 
 A new formulation of response function theory and its application to non-standard 
 wave-function models  

09:30 Wim Klopper, Karlsruhe Institute of Technology, Germany (L21): 
GW/BSE: excitation energies from the Bethe–Salpeter equation  

10:00 Kasper Kristensen, Aarhus University, Denmark (L22): 
 LoFEx: A local framework for the calculation of CC excitation energies of large molecules 

10:30 Coffee 

 

Session VII – chair Per-Åke Malmqvist    

11:00 Sonia Coriani, University of Trieste, Italy & DTU, Copenhagen, Denmark (L23): 
 “Playing around” with coupled cluster response theory: How Jeppe Olsen (possibly) 
 changed the course of my life...  

11:30 Henrik Koch, NTNU, Trondheim, Norway & Stanford University, USA (L24): 
Multilevel coupled cluster methods for transient NEXAFS spectroscopy  

12:00 Patrick Norman, KTH Royal Institute of Technology, Stockholm, Sweden (L25): 
 The algebraic diagrammatic construction of the complex polarization propagator 

12:30 Lunch 

 

Session VIII — chair Ove Christiansen     

14:00 Jürgen Gauss, University of Mainz, Germany (L26): 
 Some recent developments in equation-of-motion coupled-cluster methods for ionized states  

14:30 Peter J. Knowles, Cardiff University, United Kingdom (L27): 
On the perturbative computation of ionization energies 

15:00 Danny L. Yeager, Texas A&M University College Station, USA (L28): 
 Recent developments and applications with the complex scaled multiconfigurational 
 spin-tensor electron propagator method (CMCSTEP) 

15:30 Coffee 

 

Session IX — chair Antonio Rizzo     

16:00 Kurt V. Mikkelsen, University of Copenhagen, Denmark (L29): 
 Closed energy cycle light-harvesting, energy storage and release, with no emission of CO2  

16:30 Roland Lindh, Uppsala University, Sweden (L30): 
An Olsen title for an Olsen symposium 

17:00 Peter R. Taylor, Aarhus University, Denmark � & University of Melbourne, Australia (L31): 
Numbers: redundancy in the wave function, surprises, and prizes!  

17:30 Jack Simons, University of Utah, USA: Greetings from postdoctoral advisor from far away 
 
17:45 Closing – Thomas Bondo Pedersen 

19:30 Banquet 
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Posters 

 
Dirk Andrae  
Freie Universität Berlin, Germany 
Low-lying electronic states of CuAu 
 
Sigbjørn Løland Bore 
University of Oslo, Norway 
Particle field simulation of proteins 
 
Alex Borgoo 
University of Oslo, Norway 
Ensemble density-functional theory for the excited states of H2  
 
Roberto Di Remigio 
UiT The Arctic University of Norway, Tromsø, Norway 
Open-ended formulation of self-consistent field response theory with the polarizable continuum model 
for solvation 
 
Ádám Ganyecz, József Csontos and Mihály Kállay 
Budapest University of Techology and Economics, Hungary 
Thermochemistry of fluoroethyl radicals 
 
Kasper Kristensen 
Aarhus University, Denmark 
The explicitly correlated SNOOP-F12 scheme for calculating intermolecular interaction energies 
 
Dávid Mester, Péter Nagy, and Mihály Kállay 
Budapest University of Technology and Economics, Hungary 
Reduced-cost LR-CC2 method based on natural orbitals 
 
Rolf Myhre 
Norwegian University of Science and Technology & University of Oslo, Norway 
Multilevel coupled cluster theory and X-ray spectroscopy  
 
Michael Patzschke 
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany 
Actinide Bonding Analysis in Position Space 
 
Sarah Reimann 
University of Oslo, Norway 
The importance of current contributions to shielding constants in DFT 
 
Magnus Ringholm, Dan Jonsson, and Kenneth Ruud 
UiT The Arctic University of Norway, Tromsø, Norway 
General Vibrational Spectroscopies with Wilson 
 
Sangita Sen 
University of Oslo, Norway 
Spin and orbital effects on the anapole susceptibilities of molecules in strong magnetic fields 
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Cr2 – the Never-ending Story?

Per Åke Malmqvist, Valera Veryazov, and Liviu Ungur,

Lund University, Sweden

Abstract

The chromium dimer has a remarkable potential curve which is
difficult to reproduce computationally, except by using a very large
number of correlating orbitals. This is due to the necessity, for this
molecule, to deal with large non-dynamical as well as dynamical cor-
relation effects.

We present a few of the latest developments from the Lund group,
together with preliminary results from a similar study of Cr+2 . Exper-
imental results on the D0 of Cr2 uses, in part, an experimental D0 for
the cation, and there has been theoretical arguments for questioning
this value. However, we find that the argument is based on an error
in the calculation of the high-spin potential curve.

Abstracts of Lectures

L1



Magical mystery tour of correlation: 
What about MC-srDFT?  

Hans Jørgen Aagaard Jensen 

Department of Physics, Chemistry and Pharmacy,  
University of Southern Denmark, Odense M, Denmark 

In this talk I will first review some of our work on development of MC-srDFT 
methodologies: MC-srDFT itself [1], NEVPT2-srDFT [2], MC-srDFT linear response 
[3], MC-srDFT linear response and polarizable embedding [4], and DMRG-srDFT [5]. 
I will then present some benchmark results, in particular our recent CAS-srPBE 
calculations of electronic excitations in nucleobases and selected organic molecules 
[6,7], and of Rydberg excitations. In the last part of my talk I will focus on our plans for 
the future: our hopes to solve some of the open questions for open shells with MC-
srDFT.  

[1] On the universality of the long-/short-range separation in multiconfigurational density-functional theory. 
E. Fromager, J. Toulouse, and H. J. Aa. Jensen. 
J. Chem. Phys. 126, 074111 (2007) ; http://doi.org/10.1063/1.2566459 

[2] Merging multireference perturbation and density-functional theories by means of range separation: 
Potential curves for Be2, Mg2, and Ca2. 
E. Fromager, R. Cimiraglia, and H. J. Aa. Jensen.  Phys. Rev. A 81, 024502 (2010). 

[3] Multi-configuration time-dependent density-functional theory based on range separation. 
E. Fromager, S. Knecht, and H. J. Aa. Jensen. J. Chem. Phys. 138, 084101 (2013); http://doi.org/10.1063/1.4792199 

[4] Polarizable embedding with a multiconfiguration short-range density functional theory linear response method. 
E. D. Hedegård, J. M. H. Olsen, S. Knecht, J. Kongsted, and H. J. Aa. Jensen.  
J. Chem. Phys. 142, 114113 (2015); http://doi.org/10.1063/1.4914922  

[5] Density Matrix Renormalization Group with Efficient Dynamical Electron Correlation Through Range Separation 
E. D. Hedegård, S. Knecht, J. Skau Kielberg, H. J. Aa. Jensen, and M. Reiher.  
J. Chem. Phys. 142, 224108 (2015); http://doi.org./10.1063/1.4922295  

[6] Excitation Spectra of Nucleobases with Multiconfigurational Density Functional Theory 
M. Hubert, H. J. Aa. Jensen, and E.D. Hedegård.  
J. Phys. Chem. A. 120, 36–43 (2016); http://doi.org/10.1021/acs.jpca.5b09662  

[7] Investigation of Multiconfigurational short-range Density Functional Theory for Electronic Excitations in Organic 
Molecules 
M. Hubert, E.D. Hedegård, and H. J. Aa. Jensen. 
J. Chem. Theory Comput. 12, 2203–2213 (2016); http://doi.org/10.1021/acs.jctc.5b01141. 
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Multireference Methods for Excited-States and Transition-Metal Containing Systems 

Laura Gagliardi 
Department of Chemistry, Supercomputing Institute, and Chemical Theory Center, 

University of Minnesota, Minneapolis, Minnesota, 55455, USA 
gagliard@umn.edu 

The electronic structure of multireference molecular systems cannot be described to a 
good approximation by only a single way of distributing the electrons in the orbitals 
of a single Slater determinant. In this lecture I will describe our latest developments of 
Multiconfiguration Pair-Density Functional Theory, MC-PDFT, aimed at treating 
multireference systems using middle to large-size active spaces.[1]  This is achieved 
by generating the initial wave function using the generalized active space, GAS, 
concept.[2] Results of calculations on excited states of organic molecules and systems 
containing transition metals will be presented and compared to those obtained with 
the newly developed GASPT2 method, in which perturbation theory to second order 
is applied on top of GAS wave functions.[3] 

[1] S. O. Odoh, G. L. Manni, R. K. Carlson, D. G. Truhlar, and L. Gagliardi, 
Separated-pair approximation and separated-pair pair-density functional theory, 
Chem. Sci., 2016, 7, 2399-2413. 

[2] K. D. Vogiatzis, G. Li Manni, S. J. Stoneburner, D. Ma, and L. Gagliardi, 
Systematic Expansion of Active Spaces beyond the CASSCF Limit: A 
GASSCF/SplitGAS Benchmark Study, J. Chem. Theory Comput., 2015, 11, 3010-3021. 

[3] D. Ma, G. Li Manni, J. Olsen, and L. Gagliardi,  Second-Order Perturbation 
Theory for Generalized Active Space Self-Consistent-Field Wave Functions   
J. Chem. Theory Comput., 2016, 12, 3208-3213. 

Abstracts of Lectures
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Combining Stochastic-CASSCF and Multi-Configuration Pair-Density Functional Theory

Giovanni Li Manni

Department of Electronic Structure Theory, Max-Planck-Institut für Festkörperforschung, Stuttgart (Germany)

Email: giovannilimanni@gmail.com

Mimicking nature’s biochemical conversions by theoretical methods requires solving at molecular
scale  complex  electronic  structures  of  ground  and  excited  states,  often  involving  orbital
degeneracies. Advanced ab initio theoretical methods currently available are not able to meet this
challenge and density functional theory (DFT) has been for a long time the only computational tool
to complement experimental findings. Methods for strongly correlated systems are urged.

In this talk, I will briefly introduce the Generalized Active Space concept, for building truncated CI
wave functions, following Olsen’s steps, and its use in the GASSCF [1], the SplitGAS [2] and the
MC-PDFT [3] methods. Next, I will present two novel methods:

 The  Stochastic-CASSCF [4] approach  uses  Alavi’s  Full-CI  Quantum  Monte-Carlo
approach  (FCIQMC)  to  solve  the  CI  secular  problem  while  the  Super-CI  scheme  is
employed to variationally optimizing the molecular orbitals.

 The Multi-Configuration Pair-Density Functional Theory (MC-PDFT) [3] method is a
post-SCF  scheme  that  combines  the  advantages  of  multiconfigurational  wave  function
theory and density functional theory to recover both static and dynamic correlation.

The two methods are complementary and have been coupled together. Their application to systems
of practical interest will be presented, including the case of the Fe(II)porphyrin and the chain of
polyacenes. By these approaches (a) much larger active spaces, easily up to 50 electrons and 50
orbitals,  (b)  larger  basis  set  expansions  (via  density  fitting  techniques),  up to  several  thousand
contracted functions and, (c) molecular systems of a few hundred atoms are accessible and both
non-dynamical and dynamic correlation effects can be recovered. These methods are completely
general and can be applied to any kind of molecular system.

Fig. Fe-porphyrin (left), CAS(32,29) and dodecacene (right), CAS(50,50) treated via Stochastic-CASSCF/MC-PDFT.

1. J. Chem. Phys., 135 (2011) 44128.
2. J. Chem. Theory Comput., 9 (2013) 3375−3384.
3. J. Chem. Theory Comput., 12 (2016) 1245–1258.
4. J. Chem. Theory Comput., 10 (2014) 3669–3680.
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Extensivity and size consistency in multireference theories 

Andreas Köhn
 

Institute for Theoretical Chemistry, University of Stuttgart, Germany 
 
 
It is well established that the correct scaling of the predicted energy with system size 
(extensivity) is a prerequisite for any quantum-chemical method aiming at extended 
systems. In practice, extensivity is somewhat difficult to investigate in terms of 
numerical experiments, as it refers to the thermodynamic limit. As an alternative, often 
size consistency for non-interacting subsystems and generalizations thereof are tested.  
For single-reference systems, i.e. systems for which a single determinant is a valid 
zeroth-order approximation, size-consistent methods are fully developed and range from 
perturbative methods, in particular Møller-Plesset perturbation theory, to coupled-
cluster theory. 
In case of multireference systems, the development of size-consistent methods is more 
intricate. In this contribution, I will highlight the question of size-consistency for a 
number of multireference methods, including CASPT2 und multireference coupled-
cluster theories. 
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Exact density functional and wave function embedding
schemes based on orbital localization

Bence Hégely,a Péter Nagy,a György Ferenczy,b Mihály Kállaya

a MTA-BME Lendület Quantum Chemistry Research Group, Department
of Physical Chemistry and Materials Science, Budapest University of
Technology and Economics, H-1521 Budapest, P.O.Box 91, Hungary
b Medicinal Chemistry Research Group, Research Centre for Natural

Sciences, Hungarian Academy of Sciences, Magyar Tudósok Körútja 2,
H-1117 Budapest, Hungary

Exact schemes for the embedding of density functional theory (DFT) and
wave function theory (WFT) methods into lower-level DFT or WFT ap-
proaches are introduced utilizing orbital localization. First, a simple modi-
fication of the projector-based embedding scheme of Manby and co-workers
is proposed. We also use localized orbitals to partition the system, but in-
stead of augmenting the Fock operator with a somewhat arbitrary level-shift
projector we solve the Huzinaga-equation, which strictly enforces the Pauli
exclusion principle. Second, the embedding of WFT methods in local corre-
lation approaches is studied. Since the latter methods split up the system
into local domains, very simple embedding theories can be defined if the do-
mains of the active subsystem and the environment are treated at a different
level. The considered embedding schemes are benchmarked for reaction ener-
gies and compared to quantum mechanics/molecular mechanics (QM/MM)
and vacuum embedding. We conclude that for DFT-in-DFT embedding the
Huzinaga-equation-based scheme is more efficient than the other approaches,
but QM/MM or even simple vacuum embedding is still competitive in par-
ticular cases. Concerning the embedding of wave function methods the clear
winner is the embedding of WFT into low-level local correlation approaches,
and WFT-in-DFT embedding can only be more advantageous if a non-hybrid
density functional is employed.

References

[1] J. D. Goodpaster, T. A. Barnes, F. R. Manby and T. F. Miller III, J.
Chem. Phys. 140, 18A507 (2014).

[2] B. Hégely, P. R. Nagy, G. G. Ferenczy, and M. Kállay, J. Chem. Phys.
145, 064107 (2016).
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Explicitly correlated local coupled-cluster methods  
using pair natural orbitals 

 
Hans-Joachim Werner 

 
Institute for Theoretical Chemistry 

University of Stuttgart 
Pfaffenwaldring 55, 70569 Stuttgart, Germany 

 
We will present a new implementation of an explicitly correlated local coupled-cluster 
method [1,2] (LCCSD-F12), employing domains of pair natural orbitals (PNOs). The method 
is well parallelized and can be used to compute highly accurate energies for large 3-
dimensional “real life” molecules (>100 atoms) within only 1-3 hours of elapsed time. In 
order to avoid I/O, which can slow down parallel execution considerably, all data (integrals, 
amplitudes) are kept in distributed high-speed memory using Global Arrays. The F12 
correction strongly reduces basis set incompleteness errors as well as domain errors, and this 
makes it possible to obtain relative energies (reaction energies, reaction barriers) with error 
bounds of ~1 kJ mol-1 using moderate domain sizes. The additional cost for the F12 correction 
is only ~10% of the total time of an PNO-LCCSD-F12 calculation [2].  
 
In the talk we will focus on various pair approximations, which are made in order to reduce 
the CPU and memory requirements of large LCCSD calculations. The orbital pairs are 
classified according to their LMP2 energy contributions into strong, close, weak, and distant 
pairs. Strong pairs are fully treated by LCCSD, while additional approximations are applied 
for the other pair classes. Distant pairs are treated at the LMP2 level using multipole 
approximations. However, in contrast to previous assumptions, the use of LMP2 amplitudes 
for weak pairs can lead to large errors. Very much better results are obtained by an 
approximate LCCSD treatment for close and weak pairs [4,1]. In this method slowly decaying 
terms in the LCCSD amplitude equations, which cancel at long range, are neglected. 
Furthermore, non-linear terms can be omitted for weak pairs. The convergence of these 
approximations with respect to the pair selection thresholds will be demonstrated, and it will 
be shown that even in difficult cases the errors of relative energies caused by pair 
approximations can be reduced to < 1 kJ mol-1. However, even without close and weak pair 
approximations convergence with the distant pair threshold is slow, and fragments comprising 
more than 100 correlated orbitals may be needed to converge the energy of a single  pair. This 
limits the applicability and/or accuracy of fragmentation methods that do not employ local 
approximations. 
 
[1] M. Schwilk, Q. Ma, C. Köppl, H.-J. Werner, to be published. 
[2] Q. Ma and H.-J. Werner, to be published. 
[3] Q. Ma and H.-J. Werner, J. Chem. Theory Comp. 11, 5291 (2015). 
[4] M. Schwilk, D. Usvyat, H.-J. Werner, J. Chem. Phys. 142, 212202 (2015). 
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Efficient	and	portable	acceleration	of	
quantum	chemical	many-body	methods	in	

mixed	floating	point	precision	using	
OpenACC	compiler	directives	[1]	

	
	
Janus	Juul	Eriksen	
Institut	für	Physikalische	Chemie	
Johannes	Gutenberg-Universität	Mainz	
	
It	is	demonstrated	how	the	non-proprietary	OpenACC	standard	of	compiler	
directives	may	be	used	to	compactly	and	efficiently	accelerate	the	rate-
determining	steps	of	two	of	the	most	routinely	applied	many-body	methods	of	
electronic	structure	theory,	namely	the	second-order	Møller-Plesset	(MP2)	
model	in	its	resolution-of-the-identity	(RI)	approximated	form	and	the	(T)	
triples	correction	to	the	coupled	cluster	singles	and	doubles	model	(CCSD(T)).	By	
means	of	compute	directives	as	well	as	the	use	of	optimized	device	math	
libraries,	the	operations	involved	in	the	energy	kernels	have	been	ported	to	
graphics	processing	unit	(GPU)	accelerators,	and	the	associated	data	transfers	
correspondingly	optimized	to	such	a	degree	that	the	final	implementations	
(using	either	double	and/or	single	precision	arithmetics)	are	capable	of	scaling	
to	as	large	systems	as	allowed	for	by	the	capacity	of	the	host	central	processing	
unit	(CPU)	main	memory.	The	performance	of	the	hybrid	CPU/GPU	
implementations	is	assessed	through	calculations	on	test	systems	of	alanine	
amino	acid	chains	using	one-electron	basis	sets	of	increasing	size	(ranging	from	
double-	to	pentuple-zeta	quality).	For	all	but	the	smallest	problem	sizes	of	the	
present	study,	the	optimized	accelerated	codes	(using	a	single	multi-core	CPU	
host	node	in	conjunction	with	six	GPUs)	are	found	to	be	capable	of	reducing	the	
total	time-to-solution	by	at	least	an	order	of	magnitude	over	optimized,	OpenMP-
threaded	CPU-only	reference	implementations.	
	
[1]:	Eriksen,	J.	J.	–	arXiv:1609.08094	(2016)	
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Tensor decomposition and vibrational coupled cluster theory

Ove Christiansen

Department of Chemistry
University of Århus, Denmark

ove@chem.au.dk.

I will discuss the integration of tensor decomposition into the calculation
of vibrational coupled cluster (VCC) wave functions and VCC response
functions. Traditionally explicit quantum calculations of anharmonic
states of molecules with more than a few atoms is hampered by the curse
of dimensionality leading to an explosion in complexity with system size.
This includes both the fast increase in computational cost per quantum
state with increasing system size, as well as the problem of the explosion
in the number of available quantum states in relevant energy ranges.
I will discuss the perspective of addressing these problems combining
VCC theory, response theory and tensor decomposition. This requires us
to solve certain linear and non-linear equations. The non-linear ground
state and linear response equations can be solved by iterative methods.
I will discuss algorithms and how one iteratively can build up a sub-
space consisting of vectors that are stacked decomposed tensors. I will
hereunder describe current progress in exploiting the computational ad-
vantages of the tensor decomposition in the transformations required for
the iterative algorithms.
Implementations have been made using the stanard canonical tensor de-
composition format. (CP: CANDECOMP/PARAFAC). Numerical stud-
ies illustrate the theoretical concepts.
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Nonlinear electronic (mainly chiral) spectroscopies: 
recent contributions of theory and calculation 

(and the story of the man and his quest for salt) 
 

Rizzo, Antonio 
 

Consiglio Nazionale delle Ricerche – CNR, Istituto per i Processi Chimico Fisici 
(IPCF-CNR), Area della Ricerca di Pisa, I-56126, Pisa, Italy 

 
The latest developments in the theoretical and computational studies of nonlinear optical 
properties and spectroscopies, with emphasis on those involving the concept of chirality  w ill be 
reviewed. Both electric and magnetic field induced second harmonic generation (EFISHG 1  & 
MFISHG2), and the related circular intensity differences (CIDs) in chiral samples, will be 
discussed. The phenomenon, never having been explored experimentally to date, is related to 
special nonlinear mixed electric and magnetic frequency dependent responses, conveniently 
computed nowadays employing modern analytic response theory tools. We will present, on the 
other hand, also other nonlinear chiroptical spectroscopic properties, all proven to be amenable 
to ab initio simulation resorting to the tools of modern analytical response theory: excited state 
electronic circular dichroism,3 magnetochiral dichroism and birefringence,4 and circularly 
polarized phosphorescence.5 
 
If time allows, also some recent novel developments in other nonlinear properties of matter, 
extending beyond the realm of chirality, will be presented: the computational extension to 
highly accurate, Coupled Cluster models, for the increasingly popular Two-Photon Circular 
Dichroism (TPCD),6 and the simulation, using mixed quantum and molecular dynamic 
approaches of linear birefringences (Kerr, Cotton-Mouton and Jones) in the liquid phase.7  

 
References  
 
1  Rizzo A, Ågren H. Ab initio study of the circular intensity difference in electric-field-induced 

second harmonic generation of chiral natural amino acids. Phys. Chem. Chem. Phys. 2013; 
15: 1198-1207. 

2 Rizzo A, Rikken G L J A, Mathevet R. Ab initio study of the enantio-selective magnetic-field-
induced second harmonic generation in chiral molecules. Phys. Chem. Chem. Phys. 2016; 18: 
1846-1858. 

3 Rizzo A, Vahtras. O. Ab initio study oft he excited state electronic circular dichroism. Two 
prototype cases: Methyl oxirane and R-(+)1,1‘-bi(2-naphthol). J. Chem. Phys. 2011; 
134:244109-1-13. 

4 Cukras J, Kauczor J, Norman P, Rizzo A, Rikken G L J A, Coriani S. Complex-polarization-
propagator protocol for magneto-chiral axial dichroism and birefringence dispersion. Phys. 
Chem. Chem. Phys. 2016; 18: 13267-13279. 

5 Kaminski M, Cukras J, Pecul M, Rizzo A, Coriani S. A computational protocol for the study of 
circularly polarized phosphorescence and circular dichroism in spin- forbidden absorption. 
Phys. Chem. Chem. Phys. 2015; 17: 19079-19086. 

6 Friese D. H., Hattig C., Rizzo A. Origin-independent two-photon circular dichroism 
calculations in coupled cluster theory. Phys. Chem. Chem. Phys. 2016; 18:13683-13692. 

7 Fahleson T., Norman P., Rizzo A., Coriani S. A QM/MM study of Kerr, Cotton–Mouton and 
Jones linear birefringences in liquid acetonitrile Phys. Chem. Chem. Phys. Submitted. 

Abstracts of Lectures

L10



The Search for Beyond-Standard-Model 
Physics Using Atoms and Molecules

Timo Fleig1*
1 Department of Physics, LCPQ, I.R.S.A.M.C., 

University Paul Sabatier, F-31062, Toulouse, France
* timo.fleig@irsamc.ups-tlse.fr

Electric dipole moments (EDMs) of atomic and molecular systems originate in spatial 
parity (P) and time-reversal (T) non-conserving interactions and are an important probe 
of New Physics in the low-energy regime [1]. Electronically paramagnetic molecules 
today yield the strongest constraints on the corresponding Beyond-Standard-Model 
(BSM) parameters [2,3].

However, these constraints are typically extracted assuming only one P,T-odd source to 
be present at a time. I will in this talk focus on the question of how investigations on both 
paramagnetic and diamagnetic systems (both atomic and molecular) can be exploited to 
yield more stringent constraints [4]. The corresponding theoretical work includes 
elaborate studies of excited-state spectra of the systems in question and relativistic 
electronic-structure methods capable of addressing complex electronic structure [5]. 
Recent developments as well as theoretical results [6,7,8,9] required in conjunction with 
experimental measurements [2,10] on state-of-the-art atomic and molecular systems will 
be presented.

[1] J. Engel, M. J. Ramsey-Musolf, and U. van Kolck, Prog. Part. Nucl. Phys. 71 21 (2013)
[2] J. Baron and W. C. Campbell and D. DeMille and J. M. Doyle and G. Gabrielse and Y. V. 
Gurevich and P. W. Hess and N. R. Hutzler and E. Kirilov and I. Kozyryev and B. R. O'Leary and 
C. D. Panda and M. F. Parsons and E. S. Petrik and B. Spaun and A. C. Vutha and A. D. West, 
Science 343 269 (2014)
[3] J. J. Hudson, D. M. Kara, I. J. Smallman, B. E. Sauer, M. R. Tarbutt, and E. A.  Hinds., Nature 
473 493 (2011)
[4] T. Fleig, M. Jung, unpublished and M. Jung, A. Pich, J. High En. Phys. 5 076 (2014)
[5] T. Fleig, ``Invited Review: Relativistic Wavefunction-Based Electron Correlation Methods'', 
Chem. Phys. 395 2 (2012)
[6] M. Denis, M. N. Pedersen, H. J. Aa. Jensen, A. S. P. Gomes, M. K. Nayak, S. Knecht, M. K. 
Nayak, T. Fleig, New J. Phys. 7 043005 (2015)
[7] T. Fleig, M. K. Nayak, J. Mol. Spectrosc. 300 16 (2014)
[8] T. Fleig, M. K. Nayak, Phys. Rev. A 88 032514 (2013)
[9] T. Fleig, M. K. Nayak, M. G. Kozlov, Phys. Rev. A 93 012505 (2016)
[10] B. Graner et al. (The Seattle Hg experiment), arXiv:1601.04339v2 (2016)
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Variational perturbation theory in geochemistry

Trond Saue

Laboratoire de Chimie et Physique Quantiques,

UMR 5626 CNRS � Université Toulouse III-Paul Sabatier,

118 route de Narbonne, F-31062 Toulouse, France

Mail: trond.saue@irsamc.ups-tlse.fr

In my magical mystery tour I will discuss the following questions:

1. Can the effect of nuclear size be observed in rovibrational spectroscopy ?

2. What is the possible impact on geochemistry ?

3. What is the identity of the two gentlemen in the photograph and their connection ?

Literature:

• Stefan Knecht and Trond Saue, Chem. Phys. 401 (2012) 10

• Adel Almoukhalalati, Avijit Shee and Trond Saue, PCCP 18 (2016) 15406
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How to avoid the electron correlation problem 
 

 Hans Ågren  

 

Division of Theoretical Chemistry and Biology, School of Biotechnology, KTH Royal Institute 

of Technology, SE-10691 Stockholm, Sweden 

 

Abstract 

 

 The electron correlation problem has remained  at focus throughout the history  of quantum 

chemistry – the magical mystery tour. Jeppe Olsens work has been instrumental in the theoretical 

development referring to  this important problem.  However, despite the great progress it seems 

that approximate and semi-empricial schemes are called for as much as ever before. In my talk I 

consider briefly 4 levels of the electron correlation problem -  the treatment of explicit electron 

correlation in wave function theory; here we can step back and just admire Jeppes work, see e.g. 

[1]  – use of electronic correlation methods in classical settings, either QMMM (MM = 

molecular mechanics) [2,3] or QMWM (WM = wave mechanics) [4]; here I illustrate some 

recent work on new parametrizations of the QM to MM interaction for nanohybrid particles and 

the application of QMWM in X-ray free electron laser research  -  use of QM in decomposition – 

interaction schemes[5] to construct properties of large molecular clusters; here I show some 

recent applications of this on Rayleigh scattering of atmospheric nanoparticles[6] and non-linear 

properties of proteins[7] – how to totally avoid the electron correlation problem; here I take great 

inspiration from the  approach of T. Cooper in 1969. 

 

 

1.The general active space method, J. Olsen, J. Chem. Phys. 113,17 (2000) 7140-7148. 

 

2.Hybrid Complex Polarization Propagator/Molecular Mechanics Method for Heterogeneous 

Environments, Z. Rinkevicius, J. Sandberg, X. Li, M. Linares, P. Norman and H. Ågren, J. Chem. 

Theo. Comp. 12, 2661 (2016) 

  

 

 

3.Optical Properties of Gold Nano-Clusters Functionalized with a Small Organic Compound: Modelling 

by an Integrated Quantum-Classical Approach. X. Li, V. Carravetta, C. Li, S. Monti, Z. Rinkevicius and 

H. Ågren, J. Chem. Theo. Comp. 12, 3325 (2016). 

 

4. Auger effect in the presence of strong X-ray pulses. J.C. Liu, Y.P. Sun, C.K. Wang, H. Ågren, F. 

Gel’mukhanov, Phys. Rev. A 81, 043412 (2010). 

 

5.Frequency dependent force fields for QMMM calculations, I. Harczuk, O. Vahtras, H. Ågren, Phys. 

Chem. Chem. Phys. 17, 7800 (2015). 

 

6. Modeling Rayliegh Scattering of Areosol Particles, I. Harczuk, O. Vahtras, H. Ågren, J. Phys. Chem. B 

120, 4296 (2016). 

 

7.First Hyperpolarizability of Collagen Using the Point Dipole Approximation,  I. Harczuk, O. Vahtras, 

H. Ågren, J. Phys. Chem. Lett. 7, 2132 (2016).   
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Modelling the Electrostatic Energy 

in Force Fields 

Sofie Jakobsen, Balazs Nagy, Frank Jensen 

Department of Chemistry, Aarhus University, Aarhus, Denmark 

 

We have explored the total information content in the quantum mechanically 

calculated electrostatic potential (ESP) surrounding medium sized peptide models by 

tensor decomposition analysis [1]. Full combinatorial searches of the multipole 

parameter space with up to quadrupoles on all atomic sites indicate that the error-

function corresponding to fitting atomic multipoles has many local minima capable of 

adequately reproducing the reference molecular ESP. Approximately ½ of the atomic 

charge, dipole and quadrupole parameters can be considered redundant [2]. We 

explore possible strategies for how to select a consistent set of force field parameters 

to model the electrostatic interaction. 

 

References: 

[1] S. Jakobsen, F. Jensen, J. Chem. Theory Comp. 12 (2016) 1824 
[2] S. Jakobsen, F. Jensen J. Chem. Theory Comp. 10 (2014) 5493 
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Atomistic Modelling of Hadron Radiation Damage to DNA: 

from Stopping Powers to Reaction Kinetics 

Stephan P. A. Sauer
1
, Birgitte O. Milhøj

1
, Jens Oddershede

2,3
, John R. Sabin

2,3
 

1
Department of Chemistry, University of Copenhagen, Denmark 

2
Department of Physics, Chemistry and Pharmacy, University of Southern Denmark, 

Odense, Denmark 
3
Quantum Theory Project, Departments of Physics and Chemistry, University of 

Florida, Gainesville, FL USA 

 

 

 

 

Hadron therapy, i.e. the use of protons and C
6+

 ion beams instead of photon beams in 

radiation therapy, is an upcoming new way of treating cancer. Compared to standard 

radiation therapy it offers the advantage of reduced damage to the surrounding tissues. 

Over the recent years, we have been trying to cast light on some of the molecular 

processes which will finally lead to the strand breaks in DNA. 

We have on one hand focused on the initial, physical interaction of the ion beam with 

different kind of molecules in a cell. This involves an energy transfer to the target 

molecule leading to its ionization or fragmentation and a slowing down of the ion beam 

projectiles. The key property in this process is the stopping power of the target, which in 

the Bethe theory [1] is directly related to the mean excitation energy of the target. The 

latter can accurately be calculated from the poles and residues of the linear response 

function of the electric dipole moment operator. In my talk I will illustrate this for 

several classes of molecules [2-6]. 

One of the most important target molecules is water, whose fragmentation leads to 

the formation of OH-radicals. In a second line of research we have studied possible 

reactions of the OH-radical with DNA. In my talk I will present first results of our 

atomistic modelling of the reaction of OH-radicals with the five nucleobases and discuss 

the importance of several aspects of the ab initio calculations of these reactions [7-9]. 

 

 

 
[1] H. Bethe, Ann. Phys. 397, 325-400 (1930). 
[2] S. P. A. Sauer, J. Oddershede, J. R. Sabin, J. Phys. Chem. A 110, 8811-8817 (2006) 
[3] S. Bruun-Ghalbia, S. P. A. Sauer, J. Oddershede, J. Phys. Chem. B 144, 633-637 
(2010) 
[4] S. Bruun-Ghalbia, S. P. A. Sauer, J. Oddershede, J. R. Sabin, Eur. Phys. J. D 60, 71-
76 (2010) 
[5] S. P. A. Sauer, J. Oddershede, J. R. Sabin, J. Phys. Chem. C 114, 20335-20341 
(2010) 
[6] S. P. A. Sauer, J. Oddershede, J. R. Sabin, Adv. Quantum Chem. 62, 215-242 (2011) 
[7] B. O. Milhøj, S. P. A. Sauer, J. Phys. Chem. A 119, 6516-6527 (2015) 
[8] B. O. Milhøj, S. P. A. Sauer, Chem. Eur. J. 21, 17786–17799 (2015) 

[9] B. O. Milhøj, S. P. A. Sauer, ChemPhysChem (dx.doi.org/10.1002/cphc.201600533) 
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Platinum clusters with a carbon support material as catalysts: 
ReaxFF simulations and DFT calculations

Mehdi Mahmoodinia1, De Chen2, and Per-Olof Åstrand  1

1Department of Chemistry and 2Department of Chemical Engineering, NTNU - Norwegian 

University of Science and Technology, Trondheim, Norway

Metal clusters or even single metal atoms on a carbon support material is an attractive alternative as

catalysts as compared to metal surfaces. A major reason is that the amount of the precious metal in

producing the catalyst can be reduced dramatically. Both a challenge and an opportunity, however, is

to be able to control/tune the structure of the supported clusters on an atomistic scale, and thereby

their catalytic activity. In this respect, computational chemistry calculations may be a useful tool to

understand the electronic and catalytic properties.

We have in a series of molecular dynamics simulations used the reactive Reax force field to study 

the interactions between platinum clusters and graphite[1a] , nickel and graphite [1b] and the role of 

curvature of the carbon support by including fishbone carbon fibers [1c-e]. In addition to structural 

properties, the catalytic activity can be rationalized in terms of sampling the bond-order which is a 

main feature to describe chemical reactions in many reactive force fields.

We have in addition carried out extensive density-functional theory (DFT) calculations using the 

SSB-D and the subsequent S12g functionals which includes a dispersion correction, and in addition 

including relativistic effects by the zeroth-order regular approximation (ZORA). Single atoms and 

dimers of platinum [2a-b,d] and cobalt [2c] on polyaromatic hydrocarbons (PAHs) as well as 

functionalized PAHs have been studied and the catalytic activity is discussed in terms of spin states, 

Hirshfeld charges, density of states as well as the binding of the CO molecule to the Pt atoms.

1 (a) C. F. Sanz-Navarro, P.-O. Åstrand, D. Chen, M. Rønning, A. C. T. van Duin, T. Jacob, W. A. 

Goddard III,   J. Phys. Chem. A     112  , 1392, 2008; (b) C. F. Sanz-Navarro, P.-O. Åstrand, D. Chen, M.

Rønning, A. C. T. van Duin, J. E. Mueller, W. A. Goddard III, J. Phys. Chem. C     112  , 12663, 2008; 

(c) C. F. Sanz-Navarro, P.-O. Åstrand, D. Chen, M. Rønning, A. C. T. van Duin, W. A. Goddard III, 

J. Phys. Chem. C     114  , 3522, 2010; (d) H.-Y. Cheng, Y.-A. Zhu, P.-O. Åstrand, D. Chen, P. Li, X.-G.

Zhou, J. Phys. Chem. C     117  , 14261, 2013; (e) H.-Y. Cheng, Y.-A. Zhu, D. Chen, P.-O. Åstrand, P. 

Li, Z. Qi, X.-G. Zhou, J. Phys. Chem. C     118  , 23711, 2014

2 (a) H.-Y. Cheng, P.-O. Åstrand, D. Chen, Y.-A. Zhu, X.-G. Zhou, P. Li, Chem. Phys. Lett.     575  , 76,

2013; (b) M. Mahmoodinia, M. Ebadi, P.-O. Åstrand, D. Chen, H.-Y. Cheng, Y.-A. Zhu, Phys. 

Chem. Chem. Phys     16  , 18586, 2014; (c) M. Mahmoodinia, P.-O. Åstrand, D. Chen, J. Phys. Chem. C

119  , 24245, 2015;  M. Mahmoodinia, P.-O. Åstrand, D. Chen, J. Phys. Chem. C   120, 12452, 2016
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Three-Dimensional Fully Numerical Electronic Structure Theory Methods

Dage Sundholm, Sergio A. Losilla, Pauli Parkkinen, Eelis Solala, Elias A. Toivanen,
Wenhua Xu

Department of Chemistry, P.O. Box 55 (A. I. Virtanens plats 1), FIN-00014 University of Helsinki,
Finland

Abstract

Algorithms and computations approaches for three-dimensional fully numerical electronic structure
calculations on molecules will be discussed. The algorithms include computational schemes to per-
form accurate numerical calculations of electrostatic potentials and interaction energies, exchange
correlation potentials,and numerical integration of the kinetic energy. Implementation of a grid-
based fast multipole moment method and an algorithm for optimizing the numerical orbitals based
on the integration of the Helmholtz kernel combined with a subspace optimization algorithm will
also be discussed. The accuracy of numerical methods have been assess by performing calculations
on molecules for which benchmark data are available.

References:

1. E. Solala, S.A. Losilla, D. Sundholm, W.H. Xu, P. Parkkinen, (manuscript)
2. W.H. Xu, E. Solala, S.A. Losilla, P. Parkkinen, D. Sundholm, (manuscript)
3. P. Parkkinen, S.A. Losilla, E. Solala, E.A. Toivanen, W.H. Xu, D. Sundholm, (manuscript)
4. E.A. Toivanen, S.A. Losilla, D. Sundholm, Phys. Chem. Chem. Phys. 17 (2015) 17, 31480.
5. S.A. Losilla, M.A. Watson, A. Aspuru-Guzik, D. Sundholm, J. Chem. Theory Comput. 11

(2015) 2053.
6. S.A. Losilla, D. Sundholm, J. Chem. Phys. 136 (2012) 214104.
7. S.A. Losilla, D. Sundholm, J. Jusélius, J. Chem. Phys. 132 (2010) 024102.
8. J. Jusélius, D. Sundholm, J. Chem. Phys. 126 (2007) 094101.
9. D. Sundholm, J. Chem. Phys. 122 (2005) 194107.
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Basis-set error-free calculations of energies and magnetic 

properties 
Luca Frediani, Stig Rune Jensen, and Kenneth Ruud

 

 Centre for Theoretical and Computational Chemistry, Department of Chemistry, 
University of Tromsø-The Arctic University of Norway, 9037 Tromsø, Norway 

 
 
The use of multiwavelets allows for strict error control to arbitrary-order precision in the 
calculation of molecular energies and molecular properties while maintaining a representation 
of the one-electron basis that allows fairly large systems to be studied in a computationally 
efficient manner [1,2]. In the talk I will present our recent benchmark studies of the magnetic 
properties (magnetizabilities and nuclear magnetic resonance (NMR) shielding constants) using 
multiwavelets to obtain basis-set limit results for Hartree-Fock and density-functional theory 
[3]. I will also report a recent benchmark study for the atomization energies of almost 300 
molecules, critically testing the quality of different methods and basis set for such calculations. 
 
 
[1] R. J. Harrison, G. I. Fann, T. Yanai, Z. Gan, G. Beylkin, J. Chem. Phys. 121, 11587 (2004). 
[2] L. Frediani, E. Fossgaard, T. Flå, K. Ruud, Mol. Phys. 111, 1143 (2013). 
[3] S. R. Jensen, T. Flå, D. Jonsson, R. S. Monstad, K. Ruud, K. Frediani, Phys. Chem. Chem. 
Phys. 18, 21145 (2016). 
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Density based Hartree–Fock energy optimization in a nonorthogonal molecular
orbital basis

Ida-Marie Høyvik and Henrik Koch

Dept. of Chemistry, Norwegian University of Science and Technology (NTNU), Norway

A molecular orbital one-electron density matrix based formulation for the optimization of the
Hartree–Fock energy in a nonorthogonal molecular orbital (MO) basis is proposed. Occupied and
virtual MOs are allowed to be nonorthogonal among themselves, but are required to be orthogonal
to each other. A transformation matrix which changes the MO overlap is used, and we use the
exponential parametrization employed by Olsen in nonorthogonal configuration interaction.[1] The
nonorthogonal MO density matrix approach is analogous to the atomic orbital (AO) density matrix
based optimization[2], and the existing implemented AO based framework may be used with a few
modifications. The MO density based energy optimization scheme is advantageous for formulating
a multi-level Hartree–Fock approach for large molecular systems where only the density for a region
of interest (the active region) is optimized, whereas the rest is kept fixed at the starting guess density,
provided by e.g., a superposition of atomic densities. The advantage of the MO based formulation
is that it is trivial to identify and use rotations only among orbitals in the active orbital space, and
thereby making it possoble to reduce the dimensionality of the problem at hand.

[1 ] J. Olsen, J. Chem. Phys., 143, 114102 (2015)

[2 ] T. Helgaker, H. Larsen, J. Olsen and P. Jørgensen, Chem. Phys. Lett., 327, 397-403 (2000)
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A new formulation of response function theory and its application to

non-standard wave-function models

Filip Pawłowski, Jeppe Olsen, Poul Jørgensen

Aarhus University, Denmark

A rigorous and transparent formulation of response function theory is  presented where the time-

dependent  Schrödinger  equation  for  a  time-periodic  Hamiltonian  is  recast  into  a  Hermitian

eigenvalue problem in the composite Hilbert space.1 This new formulation brings the definition of

molecular properties and their determination on par for static and time-periodic perturbations and

removes  inaccuracies  and  inconsistencies  of  previous  response  function  theory  formulations.2,3

Furthermore, the new formulation of response theory allows for separation of the parametrization of

the unperturbed system from the parametrization of its time evolution for a time-dependent wave

function.1 This extends the range of applicability of response function theory to non-standard wave

function  models,  as  illustrated  by  introducing  a  new model  –  the  coupled  cluster  configuration

interaction (CC-CI) model – where the unperturbed system is exponentially parametrized and its time

evolution is linearly parametrized.1 The CC-CI model has led to a new, time-dependent, perspective

for understanding the basic assumptions on which the equation-of-motion coupled cluster (EOM-CC)

molecular  response  property  expressions  are  founded.4 The  CC-CI  model  has  also  allowed  for

highlighting  how static  molecular  properties  can  be  obtained  from finite-field  EOM-CC energy

calculations.4 Further, the linear parametrization of the time evolution in the CC-CI model makes it

straightforward to put the CC-CI model into a bi-variational framework, which leads to the same

structural simplifications for the CC-CI response functions as obtained for the CI response functions.

The  simplified  structure  of  response  functions  in  the  CC-CI  model  makes  it  straightforward  to

determine arbitrary-order molecular properties, such as high-harmonic generation and multi-photon

absorption – which is extremely cumbersome, if practically possible, using the standard CC model –

extending the boundaries for a theoretical description of such phenomena. At the same time, the size-

extensivity problems, that arise for the CC-CI molecular properties due to the linear parametrization

of the time evolution, are only weak compared to the size-extensivity problems encountered for the

CI molecular properties where both the gorund-state and the time evolution are linearly parametrized.

1 F. Pawłowski, J. Olsen, P. Jørgensen, Molecular response properties from a Hermitian eigenvalue equation for a 
time-periodic Hamiltonian, J. Chem. Phys. 142, 114109 (2015).

2 J. Olsen and P. Jørgensen, Linear and nonlinear response functions for an exact state and for an MCSCF state,
J. Chem. Phys. 82, 3235 (1985).

3 O. Christiansen, P. Jørgensen, and C. Hättig, Response functions from Fourier component variational perturbation 
theory applied to a time-averaged quasienergy, Int. J. Quantum Chem. 68, 1 (1998).

4 S. Coriani, F. Pawłowski, J. Olsen, P. Jørgensen, Molecular response properties in equation of motion coupled 
cluster theory: A time-dependent perspective, J. Chem. Phys. 144, 024102 (2016).
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GW/BSE: excitation energies from the Bethe–Salpeter equation

Wim Klopper

Abteilung für Theoretische Chemie, Institut für Physikalische Chemie

Karlsruher Institut für Technologie (KIT), Fritz-Haber-Weg 2, 76131 Karlsruhe

We have implemented a computational approach based on the Bethe–Salpeter equation

(BSE) for the theoretical description of electronically excited states of finite systems

(atoms and molecules). The approach is much used in computational solid-state physics

and materials science, but not so much in quantum chemistry. In recent years, however,

interest in using the approach for molecular systems has increased. Within the framework

of the TURBOMOLE program system, we have implemented the BSE approach using a

resolution-of-the-identity (RI) approximation for all two-electron electron-repulsion inte-

grals that are required for solving the equation [1]. Symmetry is utilized for the point

group D2h and its subgroups, and the BSE approach can be applied in either a spin-

restricted or a spin-unrestricted Kohn–Sham formalism. Triplet as well as singlet excited

states of closed-shell atoms and molecules can be treated in the spin-restricted formalism.

As a side product, our implementation also allows for the application of the RI approxi-

mation to the Hartree–Fock exchange contribution that occurs when a hybrid functional

is used in time-dependent density-functional theory.

On input, BSE calculations need Kohn–Sham orbitals together with quasiparticle energies

obtained from a GW calculation. In the present work, we have explored the use of

quasiparticle energies obtained from xα-G0W0 calculations, which are computationally

very efficient [2]. To assess the performance of the GW/BSE approach, we have computed

100 singlet excitation energies of 28 small organic molecules. CPU timings are reported

for a set of five molecules ranging in size from benzene to pentacene.

References

• K. Krause and W. Klopper, Implementation of the Bethe–Salpeter equation in the TUR-
BOMOLE program, J. Comput. Chem., submitted.

• K. Krause, M. E. Harding, and W. Klopper, Coupled-cluster reference values for the
GW27 and GW100 test sets for the assessment of GW methods, Mol. Phys. 113, 1952–
1960 (2015).
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LoFEx: A Local Framework for the calculation of coupled cluster

Excitation energies of large molecules

Kasper Kristensen

qLEAP Center for Theoretical Chemistry,

Department of Chemistry, Aarhus University,

Langelandsgade 140, DK-8000 Aarhus C, Denmark

Abstract

We present a local framework for the calculation of coupled cluster excitation energies of large

molecules (LoFEx). The method utilizes time-dependent Hartree-Fock information about the tran-

sitions of interest through the concept of natural transition orbitals (NTOs). The NTOs are used

in combination with localized occupied and virtual Hartree-Fock orbitals to generate a reduced

excitation orbital space (XOS) specific to each transition where a standard coupled cluster calcula-

tion is carried out. Each XOS is optimized dynamically to ensure that the excitation energies are

determined to a predefined precision. Information about the main characteristics of the electronic

transition is included in the orbital space through the use of NTOs, while the localized molecular

orbitals enable a compact description of correlation effects at the coupled cluster level. We present

proof-of-concept CC2 and CCSD calculations of the lowest excitation energies of a set of organic

molecules. The results demonstrate the black-box nature of the LoFEx scheme and show that

significant computational savings can be gained without affecting the accuracy of the calculated

CC2 and CCSD excitation energies.

1

Abstracts of Lectures

L22



“Playing	  around”	  with	  Coupled	  Cluster	  response	  theory:	  	  
How	  Jeppe	  Olsen	  (possibly)	  changed	  the	  course	  of	  my	  life…	  

	  
Sonia	  Coriania	  

Dipartimento	  di	  Scienze	  Chimiche	  e	  Farmaceutiche,	  	  
Università	  degli	  Studi	  di	  Trieste,	  Italy	  &	  
DTU	  Kemi	  -‐	  Department	  of	  Chemistry,	  	  

Technical	  University	  of	  Denmark,	  Denmark	  
soco@kemi.dtu.dk	  

	  
	  
	  
In	   a	   not-‐so-‐warm	  August	   day	   back	   in	   2009,	   Jeppe	  magically	  managed	   –	   as	   he	  
often	  does	  –	  to	  convince	  Poul	  that	  my	  idea	  to	  submit	  an	  application	  for	  a	  Marie	  
Curie	  IEF	  grant	  to	  visit	  Aarhus	  for	  a	  couple	  of	  years	  to	  develop	  coupled	  cluster	  
theory	  for	  core	  spectroscopy	  was	  not	  so	  hopeless.	  He	  even	  volunteered	  to	  act	  as	  
Scientist	  in	  Charge	  at	  the	  host	  institution.	  	  
Much	  has	  happened	  ever	  since,	  many	  things	  did	  not	  work	  out	  exactly	  as	  planned,	  
and	  yet,	  admittedly,	  a	  number	  of	  them	  turned	  out	  reasonably	  well.	  
In	   this	   talk,	   I	  will	   present	   an	   update	   on	   some	   recent	   offspring	   of	   that	   original	  
idea…	  
	  
a	  with	   invaluable	   contributions	   from	   Rolf	   H.	   Myhre,	   Henrik	   Koch,	   Thomas	   Fransson,	   Patrick	  
Norman,	   Ove	   Christiansen,	   Nanna	  H.	   List,	   Jacob	   Kongsted,	   Joanna	   Kauczor,	   Johanna	   Carbone,	  
Bruno	  Tenorio,	  Marco	  Nascimento,	  Alexandre	  Braga	  Rocha,	  Janusz	  Cukras,	  Aurora	  Ponzi,	  Piero	  
Decleva	  
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Multilevel Coupled Cluster methods for transient NEXAFS 

spectroscopy  

Henrik Koch1,2,#, Rolf H. Myhre1,2, Ida-Marie Høyvik1 and Sonia Coriani3
 

1Department of Chemistry, NTNU, Norwegian University of Science and Technology,  
N-7491 Trondheim, Norway. 

2Department of Chemistry and the PULSE institute, Stanford University,  
Stanford, California 94305, USA. 

3Dipartimento di Science Chimiche e Farmaceutiche, Università degli Studi di Trieste, 
I-34127, Italy. 

 
 
Coupled Cluster (CC) theory is among the most accurate methods for modelling 

molecular properties. Recently, we have implemented the core-valence separation (CVS) 
approximation [1]. In particular, we have combined this with a new implementation of 
CC3[2], resulting in unrivalled accuracy of core excitations. 

  
Coupled Cluster theory has a high computational cost and steep scaling with system 

size. In order to overcome this problem, we have developed multilevel CC (MLCC) 
theory [3] where a smaller part of the molecule is treated with a high accuracy method 
and the rest more approximately. Local properties such as core excitations are ideally 
suited for such an approach [4]. Recently we demonstrated two orders of magnitude 
reduction in computational cost using the MLCC framework.  

 
  Recently, the first transient NEXAFS excited state measurements were performed at 
the Stanford Linear Accelerator Center (SLAC) by The Thymine Collaboration [5]. In the 
experiment, a new feature appeared after less than 100 fs time delay. In order to 
characterize this feature, the ground state geometry was optimized at the CCSD(T) level 
and the excited state geometries at the CCSD level. Excited state UV and X-ray spectra 
were simulated at the CCSD and CC3 level and show a remarkable agreement with 
experiment. The source of the new feature is determined to arise from population in the 
nπ* state. Coupled Cluster dynamic calculations further corroborate this conclusion.  
 
#e-mail: henrik.koch@ntnu.no 
 
[1] S. Coriani and H. Koch, J. Chem. Phys. 143, 181103 (2015). 
[2] R.H. Myhre and H. Koch, J. Chem. Phys. 145, 044111 (2016). 
[3] R.H. Myhre, A. Sánchez de Merás and H. Koch, J. Chem. Phys. 141, 224105 (2014). 
[4] R.H. Myhre, S. Coriani and H. Koch, J. Chem. Theory Comput. 12, 2633 (2016). 
[5] The Thymine Collaboration: T. J. A. Wolf, R. H. Myhre, J. P. Cryan, S. Coriani, R. J. 

Squibb, A. Battistoni, N. Berrah, C. Bostedt, P. Bucksbaum, G. Coslovich, R. 
Feifel, K. J. Gaffney, J. Grilj, T. J. Martinez, S. Miyabe, S. P. Moeller, M. 
Mucke, A. Natan, R. Obaid, T. Osipov, O. Plekan, S. Wang, H. Koch* and M. 
Gühr* 
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The Algebraic Diagrammatic Construction of the 
Complex Polarization Propagator

Dirk Rehn,1 Thomas Fransson,2 Andreas Dreuw,3 and Patrick Norman1

1KTH Royal Institute of Technology, Stockholm, Sweden; 
2Stanford University, U.S.A; 3Heidelberg University, Germany

A	 development	 of	 the	 damped	 linear	 response	 function,	 or	 complex	
polarization	 propagator,	 in	 the	 algebraic	 diagrammatic	 construction	
(ADC)	 approach	 has	 been	 utilized	 for	 the	 calculation	 of	 dynamic	
polarizabilities.	The	set	of	hierarchical	models	ADC(2)-s,	ADC(2)-x,	and	
ADC(3)	has	been	considered.	

Based	 on	 these	 polarizabilities,	 C6	 dispersion	 coefEicients	 have	 been	
determined	for	noble	gases	(He,	Ne,	Ar,	Kr),	n-alkanes	(methane,	ethane,	
propane,	 butane,	 pentane),	 carbonyls	 (formaldehyde,	 acetaldehyde,	
acetone),	 and	 unsaturated	 hydrocarbons	 (ethene,	 acetylene,	 benzene).	
Results	 have	 been	 compared	 against	 calculations	 at	 the	 Hartree–Fock	
and	 coupled	 cluster	 (CC)	 levels	 of	 theory	 as	 well	 as	 high-quality	
experimental	estimates	using	the	distribution	of	dipole	strength	(DOSD)	
approach.		

Also	 based	 on	 these	 polarizabilities—or	 more	 speciEically	 their	
imaginary	parts—X-ray	absorption	spectra	have	been	determined	for	a	
series	 of	 small	 molecules.	 Results	 are	 also	 here	 compared	 against	
theoretical	calculations	at	the	CC	level	of	theory	as	well	as	experiment.	

This	study	marks	the	Eirst	ADC	calculations	of	C6	dispersion	coefEicients	
in	general,	and	also	the	Eirst	ADC(3)	calculations	of	static	and	dynamic	
polarizabilities.
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Some Recent Developments in Equation-of-Motion 

Coupled-Cluster Methods for Ionized States 
 
 

Jürgen Gauss  
 

 Institut für Physikalische Chemie, Universität Mainz, D-55099 Mainz, Germany  
 
 
The equation-of-motion coupled-cluster (EOM-CC) ansatz for ionized states, i.e., 
EOMIP-CC, is well suited for the description of open-shell states in the coupled-cluster 
framework. In my presentation, several recent developments concerning EOMIP-CC are 
discussed such as the formulation and implementation of analytic (geometrical) second 
derivatives for EOMIP-CC in the singles and doubles approximation (EOMIP-CCSD), 
the computation of spin-orbit splittings using EOMIP-CC, as well as the determination of 
interstate-coupling parameters in the EOMIP-CC framework for the simulation of 
vibronic spectra. 
 

Abstracts of Lectures

L26



On the perturbative computation of ionization energies

Peter J. Knowles

School of Chemistry, Cardiff University, Cardiff, UK

Ionization energies and electron affinities are traditionally calculated either as energy differences
between separate computations on the ion and its parent neutral, or through perturbative and other
schemes based on a single reference state that is usually the Hartree-Fock wavefunction of the par-
ent. This talk will discuss the relationship between these approaches and the Extended Koopmans
Theorem, and outline a new alternative method.
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Recent developments and applicationss with the complex scaled 
multiconfigurational spin-tensor electron propagator method 

(CMCSTEP) 
 

Danny L. Yeager 
Chemistry Department, MS-3255 

Texas A&M University 
College Station, Texas 77843-3255 

USA 
 
 
Electron-atom/molecule resonances are temporary bound states that occur in the 
continuum. They are important for understanding and describing some important 
physical and chemical processes including in flames, in the upper atmosphere and in 
interstellar space. Recently mechanisms have been proposed for DNA damage and 
also in other biological systems involving electron resonances. 
 
We have been developing and applying the complex scaling method to the 
multiconfigurational self-consistent field method (CMCSCF), the 
multiconfigurational time dependent Hartree-Fock method (CMCTDHF -- also know 
as multiconfigurational linear response), a multi-reference configuration interaction 
method, and the multiconfigurational spin-tensor electron propagator method 
(CMCSTEP). 
 
MCSTEP in real space gives very accurate and reliable ionization potentials (IPs) and 
electron affinities (EAs) even for highly correlated and open shell initial state atoms 
and molecules. In complex scaled space, CMCSTEP is shown to give reonances in 
excellent agreement with experiment for shape, Feshbach and core-excited shape 
resonances in B and in shape resonances in Be, Mg and Ca. Recent work involves 
application to the small diatomics N2 , CO, NO and O2. I also will discuss our basis 
set extrapolation procedures and perhaps applications to dianions. 
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Closed Energy Cycle light-harvesting, energy storage and release, with no emission of CO2 

Mikkelsen, Kurt V.  
 
Department of Chemistry, University of Copenhagen, Copenhagen, Denmark 
Contact: kmi@chem.ku.dk 
 
 
Purpose of the Project 

The Sun delivers within an hour to Earth an amount of energy similar 
to that consumed by all humans in one year. One major challenge for 
society is to be able to store solar energy. Our fundamental 
hypothesis is that we can store energy in chemical bonds via light-
induced isomerization reactions of photoactive molecules as 
illustrated in Fig. 1. Upon irradiation, molecule A is converted to the 
high-energy photo-isomer B, which upon a certain trigger will return 
to A and release the absorbed energy as heat. This corresponds to a 
closed-energy cycle of light-harvesting, energy storage and release, 
with no emission of CO2. The overall purpose of this project is to 
develop suitable organic molecules for such cycles based on 
fundamental structure-property relationships (SPRs).  

 We will focus on the dihydroazulene (DHA) – 
vinylheptafulvene (VHF) couple (Fig. 2), being attractive as 
only the DHA to VHF reaction is photoinduced. 
 
 
 
 
 
 

Fig. 2: DHA-VHF couple and numbering. 

Fig. 1: Energy storage using photoswitch. 
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An Olsen title for an Olsen symposium

Roland Lindh
Institution for chemistry – Ångström
The theoretical chemistry programme

Uppsala University, Sweden

It is a pleasure to be invited to Oslo to give an presentation in honour of Jeppe on his sixties birthday.
In that sense I think it is not more than appropriate to do an Olsen, or as Jeppe would have said “This is
the title I submitted, however, this is what I will talk about” – something we all have experience at a
number of international conferences. It is, of course, always more fun to listen to something which a
researcher is very excited about and which is new, rather than to listen to something which is a bit old
and the lecturer has already presented a few times. We all like when Jeppe has some day-old news that
he is just dying to tell us all about. Well, I'm in pretty much the same situation and I don't know what to
do about it, but in difference to Jeppe I'm pretty honest about it – I tell you here and now, not at the
actual lecture. Thus, all I can tell you is that I will either talk about the use of length or velocity gauge
in the computation of oscillators strengths for electronic transitions or I will have a brand new lecture
about spectroscopy of muon-molecular systems and how to model them. Let us just hope that I can
make up my mind before I start the lecture. Happy birthday Jeppe!

P.S.  The  organizers  also  have  them  self  to  blame  –  “Jeppe's  Magical  Mystery  Tour  of  Electron
Correlation” – these are those things that happen we you select a symposium title like this. What did
they think?
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Numbers: redundancy in the wave function, surprises, and
prizes!

Peter R. Taylor

Department of Chemistry,

Aarhus University, Denmark

and

School of Chemistry,

University of Melbourne, Victoria, Australia

Abstract

This talk will spread its wings over the issues of which terms in an exact wave function can
be held to be relevant; of what music has been of real influence in the context of Jeppe
Olsen’s career; and to what extent particularly the older members of the participants can
answer searching questions on their musical knowledge of that influence. Knowledge of the
string-based configuration interaction that Jeppe helped pioneer will be helpful background,
but will not be assumed, and will be reviewed, in our exposition. On the other hand, to
qualify for any prizes, the audience will have to be musically self-sufficient, from some decades
ago. . .
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