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Linking the international system of units to 
fundamental constants  

Joachim Ullrich 
Physikalisch-Technische Bundesanstalt, Brauschweig, Germany 

 
In November 2018, it is anticipated that at the 26th meeting of the General 
Conference on Weights and Measures, CGPM, established by the Metre Convention 
in 1875, will decide to revise the International System of Units (SI). In the future, as 
outlined by Max Planck in his famous paper of 1900 postulating the “Planck constant”, 
it shall be based on fundamental constants of nature, the “defining constants”: the 
velocity of light, the charge of the electron, the Boltzmann, Avogadro and the Planck 
constants, the Cs hyperfine clock transition and the luminous efficacy.  
 
In the talk I will provide an overview of the progress, challenges and future 
perspectives of the new “Quantum SI”, illustrated in Fig. 1, and discuss the question 
of whether or not the fundamental constants are indeed constant in time. New 
experiments are presently being devised, one of them based on next-generation 
optical clocks using transitions in highly-charged ions that are read out via quantum-
logic schemes. They bear the chance to trace potential changes in the fine structure 
constant  on the level of / 10-20 per year.  
 

 
 
Figure 1: Logo of the New SI with the defining constants and the seven base units. 
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Towards Quantum Logic Spectroscopy of 
Highly Charged Ar13+ 

P. Micke1,2, S. A. King1, T. Leopold1, S. Kühn2, J. Nauta2, 
L. Schmöger1,2, M. Schwarz1,2, J. Stark2, J. R. Crespo López-Urrutia2, 

and P. O. Schmidt1,3 
1 Physikalisch-Technische Bundesanstalt, 38116 Braunschweig, Germany 

2 Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany 
3 Institut für Quantenoptik, Leibniz Universität Hannover, 30167 Hannover, Germany 

 
Highly charged ions (HCI) feature strongly enhanced relativistic, quantum 
electrodynamics and nuclear-size effects compared to neutral or singly-charged 
atomic systems, while they are much less sensitive to external perturbations. Hence, 
they are well suited for studying fundamental physics and constants. Furthermore, 
HCIs offer forbidden optical transitions that are extremely sensitive to any change of 
the fine-structure constant or electron-proton mass ratio, and present the possibility 
of novel optical clocks with unprecedented accuracy [1]. We have developed a new 
class of compact electron beam ion traps (EBIT) [2] to ease access to HCIs for such 
experiments. These devices have already demonstrated excellent performance in 
high-resolution measurements of dielectronic recombination by means of their 
electron beam. One of these devices provides HCIs for a cryogenic Paul trap, an 
evolved version of CryPTEx [3,4,5], aiming at HCI-based clock applications. 
Extracted from the EBIT 
and transferred through a 
deceleration beamline, 
HCIs will be re-trapped in 
a laser-cooled beryllium 
crystal in the Paul trap. 
Ultimately, quantum logic 
spectroscopy [6] will allow 
for the most accurate 
optical spectroscopy on 
HCIs. First results on the 
commissioning of this 
experiment will be shown. 
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