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Quantum Mechanics
• Paul Dirac (Cambridge) 1929:

The underlying physical laws necessary for the mathematical theory of a large part of physics and the whole of chemistry 
are thus completely known and the difficulty is only that the exact application of these laws leads to equations much too 
complicated to be soluble. It therefore becomes desirable that approximate practical methods of applying quantum 
mechanics should be developed…

many-body problem



Egil Hylleraas (1898–1965)
• established computaVonal electronic-structure theory 



Help from unexpected quarters — computers

Cray-2  2 GFLOPS

Summit 200 PFLOPSiPhone XS 1 TFLOPS

ENIAC 500 FLOPS

the many-body problem can only be solved on powerful computers



From simple to complex systems
• Forty years ago we studied small molecules

– of limited interest and impact

• Today we are studying hundreds of atoms

– biological systems and materials



Quantum chemistry — “kvantekjemi”



Mathematics and chemistry

The more progress sciences make, the more they tend to 
enter the domain of mathematics, which is a kind of 
centre to which they all converge. We may even judge 
the degree of perfection to which a science has arrived 
by the facility with which it may be submitted to 
calculation.

Adolphe Quetelet (1796– 1874)

Every attempt to employ mathematical methods in the study of 
chemical questions must be considered profoundly irrational. If 
mathematical analysis should ever hold a prominent place in 
chemistry—an aberration which is happily impossible—it would 
occasion a rapid and widespread degradation of that science.

August Comte (1798–1857)



Simulation — the third way of science
• One third of all Centres of Excellence employ simulations



Motivation
• New experimental faciliVes revoluVonize how we study mader

– unprecedented resoluVon in Vme and space

• Revolution in computation needed to seize new opportunities
– we will develop, apply, and distribute the necessary computational tools



Challenges
• Millions of atoms in short laser pulses and strong fields

– local and global processes occurring over short and long time scales

• Modeling of such processes poses a wall of challenges

– forcing us to take fresh look at computation



Research Themes



Our vision
The Hylleraas Centre will develop and apply computational methods to understand, interpret, and 
predict new chemistry, physics, and biology of molecules in complex and extreme environments



From CTCC to Hylleraas
• CTCC shared between UiT and UiO

• increased national impact

• CTCC had narrower theoretical profile
• participation of experimental groups

• Theory groups strengthened in second CTCC period
• strategic decision towards chemistry and biology

• Broad complementary expertise
• Norwegian theoretical chemistry strengthen where previously weak

20172007



RT1: Electronic Structure
Thomas Bondo Pedersen (UiO),  Luca Frediani (UiT)

To understand and predict quantum effects in complex systems and their interactions wit<h 
external fields, we will develop accurate, scalable electronic-structure models, with emphasis 
on coupled-cluster theory and density-functional theory. 



RT2: Multi-Scale Modelling 

all-atom                         coarse-grained                       mesoscale                              

Michele Cascella (UiO), Bjørn Olav Brandsdal (UiT)

To model large-scale systems and the effects of complex environments, we will 
develop multiscale tools coupling quantum/atomistic models to coarse-
grain/mesoscale schemes, spanning several orders of magnitude in space and time. 



Kenneth Ruud (UiT), Thomas Bondo Pedersen (UiO)

RT3: Spectroscopic Processes

To model interactions between complex systems and electromagnetic fields made 
accessible through fourth-generation light sources, we will develop novel 
multiscale models for calculating and predicting new spectroscopies. 
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RT4: Extreme Environments
Trygve Helgaker (UiO), Kenneth Ruud (UiT)

To understand the exotic, squeezed chemistry of extreme magnetic fields and 
pressure, computational models will be extended to large systems with inclusion 
of dynamics, and spectra of astrophysical relevance will be calculated. 



RT5: Chemical Transformations
Odile Eisenstein (UiO), Kathrin Hopmann (UiT)

To control the reacBvity and energy transfer of complex chemical transformaBons, 
we will develop new computaBonal protocols based on state-of-the-art electronic-
structure and mulBscale methods. 



RT6: Multiphase Systems 

To unravel the statistical laws of complex systems, we will develop novel 
computational protocols to study the structure and dynamics of 
macromolecules and their interactions with membranes and interfaces. 

Bjørn Olav Brandsdal (UiT),  Michele Cascella (UiO), 



Hylleraas Centre October 2017



Career Development — KUPP
•Most Hylleraas members are young researchers and students

– do we prepare them well for their future and career— also outside academia?

• Hylleraas Career Development Program

– Michele Cascella og Kathrin Hopmann

• Karriereutviklingspilotprogram (KUPP)
– Olaug Kristine Bringager

• Young Researcher Parliament (YRP)
– now represented in the Hylleraas Management Team



Conferences



Outreach
Hylleraas Day

Thomas Bondo Pedersen,  Elina Melteig
Did you think?

Kathrin Hopmann, Karen Dundas

Hylleraas exhibition and park



Thank you!
• Research Council of Norway: 

– Liv Furuberg, Trude Dypvik

•UiO:
– Svein Stølen, Åse Gornitzka, Vibeke Alm, Olaug Kristine Bringager

– Morten Dæhlen, Solveig Kristensen, Jarle Nygard, Ingse Noremsaune, Anders Elverhøi, Lotta Snickare

– Jo Døhl, Line Valbø

•UIT: 
– Anne Husebekk, Wenche Jakobsen

•Hylleraas exhibition:
– Ellen Sjøwall, Bjørn Vidar Johansen, Chloe Turlotte

•Annual Report:
– Kathinka Eckhoff
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