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CHAPTER7
Conclusions

Ra+ isotopes are excellently suited to serve as optical frequency standards. Fur-
thermore, they are of particular interest for high-precision experiments such as
atomic parity violation (APV) and the search for time variation of the fine struc-
ture constant α. The construction of dedicated facilities for the trapping and
laser spectroscopy of Ba+ and Ra+ ions is a first step towards such experi-
ments. A dedicated off-line Ba+ laboratory has been constructed as well as
on-line Ra+ set-ups connected to the TRIμP beamline. Using AGOR cyclotron
and the TRIμP facility, on-line excited state laser spectroscopy of trapped short-
lived Ra+ isotopes was performed. Isotope shifts of the 6d 2D3/2 - 7p

2P3/2 and
6d 2D3/2 - 7p

2P1/2 transitions have been measured in a range of radium isotopes
ARa+ spanning A = 209 to A = 214. The hyperfine structure of the 6d 2D3/2 level
in 209,211,213Ra+ has been measured; experiment and theory are in good agree-
ment except in the case of the B coefficient of 211Ra+ where a 2.2 standard devia-
tion difference has been found. These HFS and IS measurements yield information
about the size and shape of the Ra+ nucleus and provide constraints for the atomic
theory calculations at the percent level. Such constraints are indispensable for
upcoming APV and Ra+ clock experiments. Further on-line measurements have
yielded a lower limit of 232(4) ms for the lifetime of the metastable 6d 2D5/2 state.
This experimental result is an important confirmation that the 6d 2D5/2 state is
indeed long-lived. This is a necessary property in view of the long coherence times
needed for a high-stability atomic clock based on the trapped single Ra+ ion. Fu-
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92 CONCLUSIONS

ture experiments will aim at reducing the number of ions in the trap, eventually
reaching the single ion stage. These few ions will no longer be buffer gas cooled;
instead, laser cooling will take place. It is in such a system that high-precision
experiments can be performed, paving the way for the development of an atomic
clock based on a single trapped Ra+ ion.

A theoretical framework for an optical atomic clock based on a single trapped
Ra+ isotope was developed in this thesis. The accompanying analysis of the possi-
ble performance of a radium single-ion optical clock shows that transitions in sev-
eral readily available Ra+ isotopes are excellent candidates for alternative optical
frequency standards reaching fractional frequency uncertainties even at the 10−18

levels. For many applications where costs and system size and stability are of im-
portance a heavy single ion that can be directly laser-cooled and interrogated with
off-the-shelf available semiconductor lasers is particularly advantageous. Further-
more, Ra+ is an excellent laboratory for the search for variation of fundamental
constants, where it ranks among the most sensitive systems known. Apart from
such precise determination of fundamental constants, examples of applications of
a better time standard include new tests of Einstein’s special and general theory
of relativity, and fundamental symmetries between matter and antimatter (hy-
drogen versus anti-hydrogen spectroscopy). Technologies based on atomic clocks
also have a significant impact on society. Applications in the field of communi-
cation and navigation are numerous, and include the internet, cell-phones, and
satellite navigation (GPS) with its network of atomic clocks. All these areas have
progressed in step with better atomic clocks and can improve even more with the
development of an all-optical atomic clock with attosecond instability. The Ra+

clock project will help to bring us one step closer to a reliably running optical
atomic clock that could ultimately be made into turn-key technology.

This research was hosted by the TRIμP group at the KVI of the University
of Groningen. The Ra+ clock project received funding from the Dutch fund-
ing agency NWO in the form of a personal Toptalent grant, awarded in 2007.
The project was embedded in the FOM (a Dutch funding agency) projectruimte
“Parity violation in a single trapped ion as a probe of electroweak running”. In
2010, the agency FOM approved a program named “Broken mirrors and drifting
constants” in which the future of the clock project is safeguarded.




