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Research focus of supervisor:  

My research interests focus on understanding the structure, properties and dynamics of strongly 

interacting hadronic and nuclear systems. The ultimate goal is to establish a rigorous, fully 

microscopic and predictive theoretical approach to low-energy nuclear physics firmly rooted in 

Quantum Chromodynamics, the underlying quantum field theory of the strong interactions.  This 

ambitious goal is being accomplished by employing contemporary analytical methods (effective 

field theories, chiral perturbation theory, dispersion theory, large-Nc expansion) in combination 

with state-of-the-art computational techniques and large-scale numerical simulations to handle 

the quantum mechanical many-body problem. Other topics of interest include hadronic 

molecules, electroweak reactions, low-energy Dark Matter searches, chiral extrapolations, finite-

volume methods, pion production reactions, etc. 

Publications: Five representative publications: 

1. E. Epelbaum, H.-W. Hammer, U.-G. Meißner, Modern Theory of Nuclear Forces, Rev. Mod. 

Phys. 81 (2009) 1773. [With over 1300 citations according to INSPIRE, this is the most 

frequently cited review article in the field of chiral effective field theory for nuclear 

systems.] 

2. E. Epelbaum, H. Krebs, D. Lee, U.-G. Meißner, Ab initio calculation of the Hoyle state, Phys. 

Rev. Lett. 106 (2011) 192501. [287 citations; PRL "Editors Suggestion", featured in the 

articles "Viewpoint: The carbon challenge" by M. Hjorth-Jensen, American Physical 

Society, Physics 4, 38 and "The Hoyle State: A Primordial Nucleus behind the Elements of 

Life" by N. Wolchover, Quanta Magazine on December 6, 2012 (Scientific American), etc.]  

3. S. Elhatisari, D. Lee, G. Rupak, E. Epelbaum, H. Krebs, T.A. Lähde, T. Luu, U.-G. 

Meißner, Ab initio alpha-alpha scattering, Nature 528 (2015) 111. [110 citations, featured in 

EurekAlert, phys.org, ScienceDaily, innovations report, idw-online, etc.] 

4. A. A. Filin, V. Baru, E. Epelbaum, H. Krebs, D. Möller, P. Reinert, Extraction of the neutron 

charge radius from a precision calculation of the deuteron structure radius, Phys. Rev. Lett. 124 

(2020) 082501. [29 citations; featured in Welt der Physik, Pro-Physik, Der Standard, 

phys.org, etc.] 

5. P. Reinert, H. Krebs, E. Epelbaum, Precision determination of pion-nucleon coupling 

constants using effective field theory, Phys. Rev. Lett. 126 (2021) 092501. [12 citations] 

https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.1773
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.1773
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.192501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.192501
https://physics.aps.org/articles/v4/38
https://www.scientificamerican.com/article/hoyle-state-primordial-nucleus-behind-elements-life/
https://www.scientificamerican.com/article/hoyle-state-primordial-nucleus-behind-elements-life/
https://www.nature.com/articles/nature16067
https://www.eurekalert.org/news-releases/642793
https://phys.org/news/2015-12-insights-creation-heavy-elements-simulate.html
https://www.sciencedaily.com/releases/2015/12/151202132936.htm
https://www.innovations-report.de/fachgebiete/physik-astronomie/neue-einblicke-in-die-entstehung-schwerer-elemente/
https://idw-online.de/de/news642661
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.082501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.082501
https://www.weltderphysik.de/thema/bmbf/physik-der-kleinsten-teilchen/eine-fundamentale-groesse-der-physik/
https://www.pro-physik.de/nachrichten/das-neutron-ist-geschrumpft
https://www.derstandard.at/story/2000115275554/neutron-soll-raetsel-um-materie-ueberschuss-im-universum-klaeren
https://phys.org/news/2020-02-accurate-neutrons.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.092501


 

Publication/presentation record (numbers as of August 23, 2021):  

 Over 250 refereed publications 

 INSPIRE: h-index of 56, total of 12688 citations, 1, 2, 6 and 22 papers with 1000+, 500+, 

250+ and 100+ citations 

 ADS: total research impact (tori-index) of 69.1, age-adjusted tori index (riq) of 346 

 Google scholar: h-index of 61 (44 since 2016)  

 Over 150 invited talks at international conferences and workshops (including 23 plenary), 

3 panel discussions, 14 invited advanced lecture series, 17 colloquia, numerous seminars   

 

Summary of research plan 
 
Background: Over the past one-and-a-half decades, we have developed (with Dean Lee, Ulf-G. 
Meißner et al.) a novel ab initio approach to few- and many-nucleon systems based on a 
discretized, Euclidean formulation of chiral effective field theory. This method allows one to 
compute the path integral for a given number of nucleons by performing auxiliary-field Monte 
Carlo simulations. The ground state energies of light and medium-mass nuclei along with the 
corresponding wave functions are obtained by performing Euclidean time projection. The 
method is particularly powerful for studying strongly clustered states, which are difficult to 
access using conventional ab initio methods, and has already led to a number of ground-
breaking results.   
 
Study objective:  The goal of this PhD project is to use nuclear lattice simulations to study low-
energy reactions (i.e. scattering observables). This can be achieved by employing another novel 
technique called the adiabatic projection method to extract the effective cluster Hamiltonian, 
thereby reducing the A-nucleon problem to the computationally simpler few-cluster problem. 
Of particular interest here is nucleon-deuteron scattering as an example of the simplest system 
beyond the two-nucleon one. The objective of the project is to confront the predictions of the 
newest nuclear lattice interactions with the available experimental data for low-energy nucleon-
deuteron scattering observables. It would also be interesting to look at alpha-particle capture 
reactions which figure importantly in nuclear astrophysics.  
 
Expected Results: Neutron-deuteron scattering observables calculated from lattice effective field 
theory simulations, constraints on the three-nucleon forces, further development of the 
adiabatic projection formalism, alpha-capture reaction rates.  The results of these studies, 
carried out within the NLEFT-Collaboration, will be published in scientific journals.   
 
Methods: Chiral effective field theory, Auxiliary field Monte Carlo simulations, Adiabatic 
projection method. The available infrastructure comprises local workstations for carrying out 
small-size lattice simulations and analysis. Supercomputing resources at Research Centre 
Jülich are also available.  
 

 

Candidate Requirements: MSc in theoretical physics as well as some knowledge of quantum field 

theory, nuclear and particle physics are required. Experience in computational physics and 

programming skills are advantageous.  Good English language skills are also required. 

Motivation for CSC application:  The PhD candidate would benefit from working in one of world’s 

leading groups for research related to chiral effective field theory and its applications to nuclear 

systems. You will actively participate in international research networks including the Sino-

German Collaborative Research Centre 110 “Symmetries and the Emergence of Structure in 

https://inspirehep.net/authors/1010694?ui-citation-summary=true
https://ui.adsabs.harvard.edu/search/fq=%7B!type%3Daqp%20v%3D%24fq_database%7D&fq_database=database%3A%20(astronomy%20OR%20physics%20OR%20general)&q=author%3A(%22epelbaum%2C%20e%22%20OR%20%22epelbaoum%2C%20e%22)&sort=date%20desc%2C%20bibcode%20desc/metrics
https://scholar.google.de/citations?user=wEbwYWQAAAAJ&hl=de


 

QCD”, the Low Energy Nuclear Physics International Collaboration (LENPIC) and the Nuclear 

Lattice Effective Field Theory (NLEFT) Collaboration. In addition to various advanced courses in 

quantum field theory, nuclear and particle physics offered by our department on a regular basis, 

you would be able to benefit from the personal competence training program offered by the RUB 

Research School.   

https://www.research-school.rub.de/
https://www.research-school.rub.de/

