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Lars Hedin and  
the theory of  
solid state physics
How Lars Hedin’s own work and 
the theoretical research in solid 
state physics began and developed  
in Lund under his leadership.



 
 

247The beginning – a student in engineering physics

Lars Hedin was born in Örebro on 6th February 1930. 
Both his father and grandfather were electrical engi-
neers, but Lars decided to study Engineering Physics 
at the Royal Institute of Technology (KTH) in Stock-
holm. This programme had an especially high status, 
and was considered to prepare students for a career  
in research.
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The many-body problem

After obtaining his Master’s Degree in 1955, Hedin 
continued to study under Professor Lamek Hultén, 
resulting in a Licentiate Dissertation on the elastic 
properties of crystals in 1960. 
His next place of study was Uppsala University, in the 
recently started research group in quantum chemistry, 
where he met the passionate scientist Stig Lundqvist, 
a leading figure in international physics research dur-
ing the 1970s and 80s. 
Together, Hedin and Lundqvist set about the applica-
tion of quantum field theory and Feynman diagrams, 
which had been so successful in nuclear and particle 
physics, to the many-body problem, which is of con-
siderable importance for our understanding of solid 
bodies.



 
 

249Argonne National Laboratory

As a result of their research at Uppsala, Hedin and 
Lundqvist became Swedish pioneers in this new excit-
ing field of theoretical physics. Thanks to this success, 
Hedin was given a grant to work at Argonne National 
Laboratory in the USA, between 1962 and 64. 
His research there was very successful, and resulted in a 
well-known article in the renowned journal Physical Re-
view, which laid the ground for the famous GW approx-
imation. To date, this article has over 2000 citations.

Diagrams representing the expansion of M(1,2). The one-particle 
Green’s function G(1,2) is represented by an arrow from 2 to 1, and 
the screened potential W(1,2) by a wiggly line between 1 and 2.
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The GW approximation

Lars Hedin’s GW approximation is still the standard 
method used to calculate the band gap in semiconduc-
tor materials. This is important in the search for new 
semiconductors that can result in better light sources 
and even faster electronic components. 
With this theory it became possible, for the first time 
in the 1980s, to calculate band gaps using only natural 
constants such as the elementary charge and Planck’s 
constant.

In 2005, hundreds of researchers from all over the 
world met at Bad-Honnef in Germany for a conference 
entitled 40 Years of GW, in recognition of Lars Hedin 
and his important contributions to the field.



 
 

251Dissertation

After his time at Argonne National Laboratory, Hedin 
and his family moved to Gothenburg. Hedin took up 
a lectureship at Chalmers University of Technology 
(CTH), where his colleague, Stig Lundqvist, had been 
awarded a professorship in the previous year, in 1963. 
Based on the work he had performed at Argonne,  
Hedin presented his doctoral thesis entitled, Applica-
tion of Many-Body Theory to the One-Electron Problem  
of Atoms, Molecules and Solids on 30th October 1965.

Lars Hedin defending his doctoral thesis in 1965. His exami-
ner (left) was Alf Sjölander, only three years Hedin’s senior, 
and one of Sweden’s most talented theoretical physicists of 
all time.
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Research at Chalmers University of Technology

Hedin’s time at CTH was extremely productive, and 
new ideas came one after the other. Many of Hedin’s 
findings and ideas have been collected in a review 
article, written by him together with Lundqvist, and 
published in 1969 in the journal Solid State Physics 
(Vol. 23). This publication is often cited, and is still  
a source of inspiration to many researchers.

Hedin explaining his version of the many-body theory to colleagues  
at CTH.



 
 

253Professor at Lund University

Following his lectureship at CTH, Hedin became 
Professor of Theoretical Physics at the new institute 
of technology in Linköping. However, less than a 
year later, he was offered a professorship in theoreti-
cal physics at Lund University, and moved to Lund, 
together with his family, in 1971. At that time, the 
newly established and rapidly expanding field of 
solid state physics in Lund was well-represented 
experimentally, but there was only one lecturer en-
gaged in the theoretical side of the subject.

The Theoretical Physics Group in 1971. Back row:  
Lars Hedin, Lars Silverberg, Rolf Riklund, Petter Minnhagen, 
Lars Gislén, Stellan Löfdahl, Bengt Kjöllerström. 
Front row: Bengt Månsson, Günter Grossmann, unknown,  
Ulf von Barth, Ingrid Hjelt, Inga Belin, Margareta Bergsten, 
Bengt EY Svensson, Carl-Olof Almbladh.
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Enthusiastic PhD students

When Hedin arrived in Lund, Bengt Kjöller-
ström had collected a group of enthusiastic 
PhD students who were eager to study the  
new subject of theoretical solid state physics  
with Professor Hedin. Hedin’s first PhD stu-
dents from CTH, Ulf von Barth, Carl-Olof 
Almbladh and Ingvar Hulthén, had followed 
him to Lund, and together with new PhD  
students, they formed a large research group. 
Hedin was an enthusiastic, easy-going super- 
visor, allowing students to take their own ini-
tiative.

Ulf von Barth Carl-Olof Almbladh



 
 

255International success

A very successful period in Lund followed. Hedin’s 
research group consisted of five or six researchers and 
a considerable number of PhD students. The group 
was rated among the best in the world during this 
period by various research councils. 
Two of Hedin’s most important, and today most 
frequently cited, publications from the beginning of 
the 1970s are on density functional theory; the first 
written by Hedin and Bengt Lundqvist at CTH, 
with about 3000 citations, and the second written 
by Hedin and his first student, Ulf von Barth, with 
about 5000 citations.

Aspenäsgården 1976.
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An inspiring environment

Thanks to Hedin’s many international contacts, his 
students came into contact with a steady stream of 
renowned researchers in the field, including Bob 
Schrieffer, John Bardeen, Sir Nevill Mott, Walter 
Kohn, Ivar Giaever, Leo Esaki, Gordon Baym,  
Niel Ashcroft and Ole-Krogh Andersen. 
Hedin and his wife Hillevi regularly invited both 
students and researchers into their home, creating  
a warm and inspiring environment.



 
 

257Hedin’s research group

At the time this photograph was taken, Carl-Olof 
Almbladh and Lars Hedin had just published their 
review article on theoretical spectroscopy in the 
Handbook on Synchrotron Radiation. This has become 
a standard text in the field, and is still often cited 
with reverence by today’s researchers. Ulf von Barth 
was, at that time, one of the most well-known re-
searchers in density functional theory. David Yevic 
and Witold Bardyszewski were visiting researchers in 
Hedin’s group. Carlos Pedrosa and Alvaro Morales 
were Almbladh’s PhD students, and Ulf Lindefelt 
was the group’s solid state theoretician.

The Theoretical Solid State Research Group in 1984. From the left: 
Alvaro Morales, Witold Bardyszewski, David Yevic, Carlos Pedrosa, 
Ulf Lindefelt, Lars Hedin, Ulf von Barth, Carl-Olof Almbladh.
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Max Planck Institute in Stuttgart

As Hedin’s theories became increasingly used in 
prac-tical applications, his reputation spread through-
out the world. Despite this, his research group was 
reduced to about half its original size by the begin-
ning of the 1990s. 
It was therefore no surprise that he accepted a four-
year position as Director of Research at the Max 
Planck Institute in Stuttgart in 1994. This marked 
the beginning of a new fruitful period with many 
publications. Among other projects, Hedin continued 
work on his theory of what he called the blue electron.

A Lego-building competition between research groups at the 
Max Planck Institute in Stuttgart. Lars Hedin’s group won the 
cup from Ole Krough Andersen’s group. The theme for the com-
petition, Upside Down, was thought up by Laura Gunnarsson, 
and Ove Jepsen secured a donation of Lego from the manufac-
turer in Denmark.



 
 

259ETSF

Hedin’s research also forms the basis for a Euro-
pean network, The European Theoretical Spec-
troscopy Facility (ETSF), which brings together 
experience and know-how to facilitate collabora-
tion and the rapid transfer of knowledge between 
over 200 researchers from 68 research groups in 
Europe and the USA. 
The network functions as a knowledge centre in 
the field of theoretical spectroscopy for research 
on theoretical and computational methods that 
make it possible to study the electronic and opti-
cal properties of materials.

Arno Schindlmayr presenting his latest results on the dynamic 
spin susceptibility, based on Hedin’s GW approximation, at the 
2008 ETSF conference in Pugnochiuso, Italy.
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Useful theories

Hedin’s attitude regarding his research, was that his 
theoretical work should lead to computational methods 
that provide practically useful results. Mathematics and 
complicated equations were not ends in themselves, as 
far as he was concerned. Hedin often demonstrated his 
theoretical results by applying them to less complicated 
model systems.

Hedin’s easily recognisable writing in the many-body equations on 
the whiteboard in his office at the Max Planck Institute in Stuttgart.



 
 

261Lars Hedin’s legacy

Lars Hedin’s last great success came posthumously  
in 2008, when an international committee of experts  
assessed a number of research groups from all the  
faculties at Lund University (RQ08). 
Hedin’s pupils, Ulf von Barth och Carl-Olof Almbladh 
and their research group, were identified as one of the 
twenty best groups at Lund University. Other research 
groups in physics received good reviews, and the disci-
pline of Physics was thus identified as one of the jewels  
in the crown of Lund University.
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