
NEWSLETTER
Heidelberg Graduate School of Fundamental Physics

1

No. 12 / March 2015

Main Topics:

■ Student activities
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Editorial

In this edition of our newsletter, our student representatives reflect on some of the activities that 

were organised in the past year, which we fully endorse and hope that they will continue to develop in 

the years to come. 

We also highlight research of two very different working groups within the HGSFP, that of Tilman 

Plehn concerning Higgs phenomenology and that of Norbert Frank, on the physics of (deep water) 

environmental archives. We wish you pleasant reading.

Sandra Klevansky and Rüdiger Klingeler  

Student activities 

■ Another exciting year has passed, so let us go 
through the events of the past year. In summer, 
we had a wonderful Dragon Boat event on 
the Neckar River. On a bright sunny day in 
September, many of us biked to Ladenburg 
to learn the ways of the Vikings. We first had 
a short theoretical explanation which was 
followed by the actual boating "expedition". We 
went through small creeks and along the banks 
of the Neckar. After an exhausting rowing 
session, we enjoyed the evening together. We 
hope this joyful event will continue with even 
greater participation in the coming years.

Later in the year we also had the traditional 
HGSFP Soccer Cup which saw quite a lot of 
participation from several institutes. We are 
discussing whether to have more frequent 
Soccer meetings in the coming years. We also 
met for the Stammtisch the last Tuesday of every 
month. This is a good opportunity to get to 
know other students and also to ask questions 
concerning the HGSFP.

Recently, new student representatives have 
been elected. We would like to welcome 
Holger Jörg and Stephan Helmrich from the 
Physikalisches Institut and wish them all the 
best for the coming year. We would finally 
like to thank the HGSFP directorate and the 
secretariat for their support.

With best wishes,
Puneet Murthy and Walter Hahn             ◄

You’re welcome:

... to send us suggestions of topics which 
you would like to be mentioned in the next 
newsletter: info@gsfp.uni-heidelberg.de

at the LHC. For a given signal and background 
process our latest tool allows us for the first 
time to predict the signal significance which 
modern multivariate analysis techniques 
should achieve.

Finally, we are working very closely with the 
Heidelberg ATLAS group. With the group 
at the Physikalisches Institut we study the 
reconstruction of hadronically decaying top 
quarks with the help of jet algorithms based on 
first-principles QCD. In ATLAS the Heidelberg 
top tagging effort has become standard, showing 
how a close collaboration between groups can 
enhance the common impact. With the group 
at the Kirchhoff-Institute for Physics we study 
the production of large numbers of quarks and 
gluons at the LHC and how the observations can 
be understood, again in terms of first-principles 
QCD.

Tilman Plehn's office is located at the Institute 
of Theoretical Physics, Philosophenweg 16. ◄

LHC Phenomenology

■ A central topic of Prof. Tilman Plehn's 
current research is LHC phenomenology. In 
physics the term phenomenology means exactly 
the opposite of what it means in philosophy: 
it refers to theory close to data. Of the many 
theorists studying the most fundamental 
structures in nature, we form the link to 
observables. In high energy physics the two 
most interesting observations are dark matter 
and the Higgs boson. The latter looks like 
the first fundamental scalar particle, where in 
quantum field theory such scalar states have an 
especially close link to the high energy structure 
of the theory.

Obviously, the field theoretical description of 
the Higgs particle is our most pressing problem. 
The central prediction of the Standard Model 
is that it couples to all particles in proportion 
to their masses. In our group we test this 
prediction, based on ATLAS and CMS data. 
In addition, we check if there are theories 
which describe the Higgs couplings better 
than the Standard Model does. This coupling 
determination is statistically challenging 
because nobody knows how uncertainties 
from perturbative theory predictions should 
be incorporated in a frequentists analysis. 
It is part of a very general question how the 
observed Higgs boson should be described by 
a Lagrangian which can then be tested in the 
upcoming LHC run or even via a dedicated 
Higgs factory.

The interface between theory and 
experiment at the LHC is defined by so-called 
Monte Carlo simulations, where theorists 
assume a certain theory and predict events as 
they could be observed in ATLAS or CMS. 
For many years we have contributed to the 
event generator MADGRAPH, focussing on 
precision predictions for physics beyond the 
Standard Model. Such models are used to 
describe experimental searches for dark matter 
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Personalia

■ Norbert Frank is a Professor for 
Environmental Physics at Heidelberg University. 
His research on the physics of environmental 
archives will build a new bridge towards the 
Geosciences and the Curt-Engelhorn-Centre 
Archaeometry gGmbH, Mannheim. 

After studying physics and earning a 
doctorate in Heidelberg Norbert Frank spent 
two years as a DFG fellow at the Lamont-
Doherty Earth Observatory of Columbia 
University, New York. The research focus was

Norbert Frank

radiogenic isotopes as ocean circulation 
tracers. In 2001, he was awarded a Marie 
Curie Fellowship to join the Climate and 
Environmental Sciences Laboratory (LSCE) 
in Gif-sur-Yvette, France, where he became a 
researcher of the commission for nuclear and 
alternative energies (CEA) from 2002 until he 
became Professor in Heidelberg. Throughout 
national and international projects the research 
team at LSCE focused on climate recordings 
from corals using cutting edge mass spectrometer 
facilities. 

Over the course of his career Norbert Frank 
participated in numerous research cruises and 
in 2012 he led a team of scientists on the French 
research vessel Thallasa to South Iceland, to 
collect corals for future climate rsearch.

In Heidelberg he is developing new isotope 
tracers and technologies to constrain further 
the fundamental role of the oceans and the 
hydrosphere in the complex climate system.     ◄

Physics of environmental 
archives

■ The main research focus of Norbert Frank's 
team "Physics of the Environmental Archives" 
is presently on the further development of 
the precision and applicability of U-series 
disequilibrium dating technologies. Developed 
already some 40 years ago, the technological 
progress of measurement techniques from 
counting radioactive decays to mass spectrometry 
has been tremendous. This technological 
revolution led to the improvement of age 
determinations of environmental archives from 
per cent to nowadays per mill precision levels.

Using commercial mass spectrometers, ‰ 
presision is today the international standard, 
providing accurate time scales for coral and 
speleothem development in the past and thus 
for past climate research. However, a few groups 
worldwide have recently achieved one order of 
magnitude higher precision for U and Th isotope 
measurements, i.e. ε x10-4 precision, pushing 
commercial instruments towards their limits. 

In Heidelberg, we work to achieve similar or 
even better precision levels and we further intend 
to develop more automated measurements 
yielding times from a year to hundreds of 
millennia. This will hopefully enable strong 
improvements of the timing of natural 
sedimentary processes needed to retrieve the 
temporal and spatial evolution of environmental 
archives, i.e. to provide calendar time scales for 
past climate change.

A second major aspect of our research is 
to generate records of past climate change, 
making use of stable, cosmogenic, radiogenic  
and radioactive isotopes stored in environmental

A record of the past 10000 years of Greenland 
climate stored in ice cores compared to the messages 
the radiocarbon and neodym isotope records stored in 
fossil coral fragments found in 700m water depth of 
the North East Atlantic.

archives. This is predominantly based on an 
experimental approach, where first corals and 
speleothems are gathered around the world 
sometimes employing novel deep sea technology 
such as remotely operated vehicles. Then dated 
archives are investigated with so-called climate 
proxy and trace isotopes to reveal and quantify 
past environmental conditions and processes. 
Nowadays such studies can be achieved in ever 
increasing spatial and thus temporal resolution 
using novel techniques such as laser-ablation 
mass spectrometry. Corals, for example, store 
the time since ocean water has last been in 
contact with the atmosphere through their  
radiocarbon content. The provenance of water 
bathing the corals can be made visible through 
time and space using radiogenic isotopes such as 
the natural 143Nd/144Nd ratio (εNd). Ultimately 
even physical properties of ocean water are the 
subject of reconstructions, for example based on 
the temperature sensitivity of the corals lithium/
magnesium ratio. 

As an example of our research, the trace 
isotope records of fossil coral fragments dating 
back some millennia are shown in the figure 
on the left. As the northern hemisphere climate 
warms, indicated from ice core stable isotope 

records and sea level reconstructions, it is only 
some 3000 years ago that the ocean radiocarbon 
content reaches its present day offset from the 
atmosphere, and the radiogenic isotopes of 
neodymium indicate that modern provenance 
of water in the Labrador Sea was established 
some 5000 years ago. Hence the North Atlantic 
evolves according to climate change, but its 
response to global warming is not linear. 
New tools are required to study the past 
earth surface environments further in order 
to approach the full complexity of the earth 
system today perturbed by the great fossil fuel 
emission experiment. This example nicely 
demonstrates that earth surface reservoirs act 
on very long time scales from years to millennia 
and thus knowledge on the past state of our 
environment and its dynamics is of crucial 
importance to constrain the fundamental 
principles governing the global environments. 
These methods, tools, and concepts developed 
throughout the physics of environmental 
archives apply in many disciplines from physics 
through geosciences to archeology.

You can find Prof. Norbert Frank at the 
Institute of Environmental Physics, Im 
Neuenheimer Feld 229.                                  ◄

Coral skeletons are cleaned, trace isotopes are extracted from the skeletons in clean chemistry facilities and 
measurements are conducted using mass spectrometry.


