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PRACE supercomputers help researchers calculate mass 
difference between neutrons and protons 
 
With the help of PRACE HPC resources, a team of physicists from France, Germany, and Hungary 
headed by Zoltán Fodor, a researcher from Wuppertal, has successfully calculated the tiny neutron-
proton mass difference. The results of this research, published in the 27 March 2015 edition of 
Science, are considered a milestone by many physicists and confirm the theory of the strong 
interaction. 
 
The fact that the neutron is slightly more massive than the proton is what gives atomic nuclei the 
properties affecting the existence and stability of atoms – the foundation of our world. Eighty years 
after the discovery of the neutron, Zoltán Fodor’s team successfully calculated the tiny neutron-proton 
mass difference. The team was made of physicists from France, Germany, and Hungary. Fodor is a 
researcher at University of Wuppertal, Jülich Supercomputing Centre, and Eötvös University. 
 
To carry out the necessary calculations, the team developed a new class of simulation techniques 
combining the laws of quantum chromodynamics with those of quantum electrodynamics in order to 
precisely determine the effects of electromagnetic interactions. 
 
According to Professor Kurt Binder, Chairman of the Scientific Council of the John von Neumann 
Institute for Computing (NIC) and member of the German Gauss Centre for Supercomputing, “Only 
using world-class computers, such as those available to the science community at 
Forschungszentrum Jülich, was it possible to achieve this milestone in computer simulation.” 
Computation time on JUQUEEN to is allocated to users via the PRACE Calls for Proposals. The hours 
on JUQUEEN were complemented in the process by national resources provided by CNRS and 
GENCI in France, as well as GCS in Germany at the computing centres of Garching (LRZ) and 
Stuttgart (HLRS). 
 
“Forschungszentrum Jülich is supporting the work of excellent researchers in many areas of science 
with its supercomputers. Basic research such as elementary particle physics is an area where 
methods are forged, and the resulting tools are also welcomed by several other users,” says Prof. Dr. 
Sebastian M. Schmidt, member of the Board of Directors at Jülich who has supported and encouraged 
these scientific activities for years. 
 
Some of the results of Fodor’s research were recently published in Science (Journal reference: 
Science 347:1452-1455,2015 – see http://arxiv.org/abs/1406.4088). This publication is considered a 
world-premiere in fundamental physics. 
 
Project details 

• His project entitled “QCDpQED – QCD plus QED and the stability of matter” received 91 
million core hours on JUQUEEN @ GCS@FZJ, Germany through the PRACE 6th Call for 
Proposals for Project Access. 

 
Further work 

• Zoltán Fodor spoke at the DEISA PRACE Symposium (11-13 May 2009) on “QCD 
Breakthrough 2008” (See here: http://www.prace-ri.eu/deisa-prace-symposium-11-13-may/) 
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• He received 63 million core hours on JUGENE @ GCS@FZJ, Germany via the PRACE Early 
Access Call for his project entitled “QCD Thermodynamics with 2+1+1 improved dynamical 
flavors”. 

• He collaborated in the project entitled “FREEZEOUT - Heavy ion phenomenology from 
lattice simulations” led by Szabolcs Borsanyi of the Bergische Universität Wuppertalm, 
Germany, That project received 18 million core hour on JUQUEEN @ GCS@FZJ, Germany 
and 73.2 million core hour on FERMI @ CINECA, Italy, under the 8th Call for Proposals for 
PRACE Project Access. 

 
Credits 
The quotes in this article are republished from the article that appeared in supercomputing online on 
Thursday, 26 March 2015: http://www.supercomputingonline.com/latest/latest-stories/58513-juqueen-
calculates-mass-difference-between-neutron-proton 
 
About PRACE 
The Partnership for Advanced Computing in Europe (PRACE) is an international non-profit association 
with its seat in Brussels. The PRACE Research Infrastructure provides a persistent world-class high 
performance computing service for scientists and researchers from academia and industry in Europe. 
The computer systems and their operations accessible through PRACE are provided by 4 PRACE 
members (BSC representing Spain, CINECA representing Italy, GCS representing Germany and 
GENCI representing France). The Implementation Phase of PRACE receives funding from the EU’s 
Seventh Framework Programme (FP7/2007-2013) under grant agreement RI-312763 and from the 
EU’s Horizon 2020 research and innovation programme (2014-2020) under grant agreement 653838. 
For more information, see www.prace-ri.eu 
 
Do you want more information? Do you want to subscribe to our mailing lists? 
Please visit the PRACE website: http://www.prace-ri.eu 
Or contact Marjolein Oorsprong, Communications Officer: 
Telephone: +32 2 613 09 27 E-mail: M.Oorsprong[at]staff.prace-ri.eu 
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