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Introduction 

The Wilhelm und Else Heraeus-Stiftung is a private foundation which supports 
research and education in science, especially in physics. A major activity is the 
organization of seminars. By German physicists the foundation is recognized as the 
most important private funding institution in their fields. Some activities of the 
foundation are carried out in cooperation with the German Physical Society 
(Deutsche Physikalische Gesellschaft). 
 
 
 
Aims and scope of the 676. WE-Heraeus-Seminar: 

The goal of the seminar is to discuss conceptually novel approaches to optical 
frequency standards and clocks. Despite the remarkable precision already realized in 
current atomic clock worldwide, there is a wide range of concepts for next-generation 
devices, rooted in very different physical systems. The aim of the seminar is to provide 
a comprehensive overview on the current state of discussion and shape a community. 

A special candidate for a future optical clock is the low-energy isomeric state in 
Thorium-229, opening the road towards nuclear clocks. The Wilhelm and Else 
Heraeus Seminar will resume the current state of knowledge on this exciting system 
and connect the worldwide community in this field. The seminar is jointly organized 
with the EU-FET-Open consortium of nuClock.  

Also, we want to identify and discuss new applications of precision frequency and 
time standards, in particular regarding constraining possible variations of fundamental 
constants, clock-based geodesy, and gravitational wave detection.  
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Ines Amersdorffer Towards 229mTh1+ lifetime measurements 
 

Prannay Balla 
Philip Pfäfflein 

Towards precision spectroscopy with  
VUV/XUV-frequency-combs          

 

Kjeld Beeks Excimer VUV light source for Th-229 experiments 
 

Pavlo Bilous Laser-induced electronic bridge for characterization of 
the Th-229 isomer transition 

 

Przemysław Glowacki Luminescence study of Ln(III) ions adsorbed on a CaF2 
surface as supplementary investigation for searching 
the isomeric transition in 229Th solid samples 

 

Christoph Hotter A superradiant clock laser on an optical lattice with 
moving atoms 

 

Xia Hua Searching for the first excited nuclear state of 229Th 
using 229Th3+ coulomb crystal 

 

Asbjørn A. Jørgensen Folded-beam waist-expanding cavity for iodine based 
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Yury Lebedinskii Photoelectron spectroscopy technique for the energy 
measuring of photons emitted from the excited 229mTh 
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Xinwen Ma A potential precision method to determine the nuclear 
isomeric states in 229Th at storage ring 

 

David-Marcel Meier Search for laser excitation of the low energy isomer in 
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Janni Moens Investigating the local atomic structure of Th dopants 
in CaF2 using channeling techniques 

 

Brenden Nickerson The 229mTh nuclear isomer in Th-doped crystal 
environments 
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Ilkka Pohjalainen Filament dispensers, recoil sources, and on-line  
production for 229Th ion beams at IGISOL 

 

Jens Rauschenberger Spectrometers tailored for Thorium isomer emission 
 

Simon Stellmer A new quantum metrology group at the University  
of Bonn 

 

Johannes Thielking Laser spectroscopic characterization of the nuclear 
clock isomer 229mTh 

 

Lars von der Wense A direct nuclear laser excitation scheme for 229mTh 
 

Johannes Weitenberg XUV frequency combs 
 

Gregor Zitzer Towards sympathetic cooling of trapped 229Th3+ ions 
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Towards ultrahigh precision spectroscopy 
using VUV/XUV frequency combs
P. Pfäfflein1,2, P. Balla1,2, I. Hart,2, C. M. Heyl1,2

1Helmholtz-Institute Jena, Germany
2DESY, Hamburg, Germany

E-mail: Christoph.heyl@desy.com

Frequency combs are nowadays routinely employed for precision spectroscopy in the 
visible and near-infrared spectral region. In contrast, the extreme ultraviolet (XUV) 
presents a barely explored area for precision spectroscopy studies. XUV frequency 
combs can be produced via high-order harmonic generation (HHG) inside a 
femtosecond enhancement cavity. Until today, the enhancement cavity approach is 
the only viable route for HHG at repetition rates above a few tens of MHz. Following 
the initial demonstration of this concept in 2005, first direct XUV comb spectroscopy 
was realized in 2012 [1]. Average power limitations present a major challenge for 
further applications. Recent power-scaling efforts have led to the generation of mW-
power levels within single harmonics orders, corresponding to an average power of a 
few nW within a single continuous wave comb tooth at photon energies of up to 
approx.13 eV [2]. These results do not only set a new average power record for high 
harmonic-based XUV sources, they also raise hope for ultrahigh precision 
spectroscopy of challenging targets such as 229Thorium [3].  

Within a joined effort between the Helmholtz-Institute in Jena and DESY in Hamburg, 
we are currently setting up an XUV comb system at DESY. We here discuss planned
experimental routes towards precision spectroscopy studies in the VUV/XUV spectral 
region. Envisioned targets are narrow transitions in highly charged ions as well as the 
229Thorium isomeric transition. 
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Filament dispensers, recoil sources, and on-line
production for 229Th ion beams at IGISOL

I. Pohjalainen1, I.D. Moore1 , S. Geldhof1, M. Reponen1,T. Schumm2

A. Voss3

1University of Jyvaskyla, Department of Physics, P.O. Box 35 (YFL), Finland
2Vienna Center for Quantum Science and Technology, Atominstitut, TU Wien,

Stadionallee 2, 1020 Vienna, Austria

E-mail: ilkka.pohjalainen@jyu.fi

High optical resolution spectroscopy of actinide elements is the current focus of the

collinear   laser  spectroscopy  facility  at  the  Accelerator  Laboratory,  University  of

Jyväskylä [1]. The recent detection [2] and measurement of hyperfine structure of
229mTh [3] has prompted new questions of the 229mTh such as the life time of the singly

charged ion. To produces 229Th ion beams several ideas are being investigated. For

the  thorium-229  ion  beam  production  by  in-gas  cell  laser  resonance  ionization

several  types  of  filament  dispensers  have  been  studied  of  which  the  electro

deposited  thorium  with  a  zirconium  layer  for  reduction  had  the  most  favorable

characteristics.

233U can be used also to produce 229Th also in the isomer for the Two different 233U

alpha recoil sources has been analyzed extensively with direct and implantation foil

gamma-  and  alpha-ray  spectroscopy.   Also  series  of  Rutherford  back  scattering

spectroscopy measurements have been performed to study the source composition.

The  first  on-line  experiment  for  the  production  of  229Th  from  a  light-ion  fusion-

evaporation  reaction  on  232Th  targets  has  also  been  performed.  Although  the

identification of 229Th was not directly possible due to the long half-life (7932 years),

several  alpha-active  reaction  products  were  detected  and  a  yield  of  about  400

ions/s/µA  for  229Th  was  deduced  from  the  227Pa  yield.  The  challenge  of  on-line

production is  in  the competing  fission channel  that  is  expected to  cause strong

ionization of the buffer gas. Also significant target damage was observed during the

experiment. This has prompted new target manufacturing concepts which are current

being considered.

References

[1] A. Voss et al., Phys. Rev. A 95, 032506 (2017)

[2] L. von der Wense et al., Nature, 533, 47 (2016)
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Spectrometers tailored for Thorium isomer emission
R. Hörlein1 and J. Rauschenberger1

1H+P SPECTROSCOPY, Mannheim, Germany

Several approaches have been proposed and tested to populate the few-eV isomer
in 229Th, most of them relying on doped crystals. Common to all experiments is the 
fact that the VUV gamma emitted during de-excitation of the isomer is to be 
measured spectrally resolved with a VUV spectrometer. 
The required spectral range at 7.8(5) eV, corresponding to a wavelength of 
160(10) nm is very accessible. However, the signal to be measured is expected to be 
very weak with an estimated 103-105 photons per second reaching the spectrometer 
entrance, notably with a very large angular distribution due to the spatially extended 
source [1, 2].
As a further complication, the narrow-line emission (width below a few THz) is 
contained in a Cherenkov radiation background. The isomer signal is expected to rise 
above the noise of the Cherenkov background after a few hours (depending on 
approach chosen) of illumination / detection cycles [1, 2].
Hitherto, only standard off-the-shelf spectrometers or monochromators were used for 
the isomer emission detection. Yet, the abovementioned particular requirements of 
the Thorium experiments make a tailored spectroscopy solution necessary. We 
present recent advances in spectrometers specifically tailored for this task.

References

[1] S. Stellmer et al, Towards a measurement of the nuclear clock transition in 
229Th, Journal of Physics: Conference Series 723 (2016) 012059
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XUV Frequency Combs
J. Weitenberg1,2, A. Ozawa1, F. Schmid1, Th. Udem1, 

and Th. W. Hänsch1,3

1Max-Planck Institute of Quantum Optics MPQ, Hans-Kopfermann-Str. 1, 
85748 Garching, Germany

2 Fraunhofer Institute for Laser Technology, Steinbachstr. 15, 
52074 Aachen, Germany

3Ludwig-Maximilians University LMU, Schellingstr. 4/III, 80799 München, Germany

XUV frequency combs allow for precision spectroscopy of transitions with wavelength 
below 200 nm. Spectroscopy has been performed by other groups on argon (82 nm), 
neon (63 nm) [1] and xenon (147 nm) [2]. We aim for spectroscopy of the 1s-2s trans-
ition in He+, which permits an experimental test of bound-state QED in simple atomic 
systems [3]. A mayor challenge compared to spectroscopy of atomic hydrogen is the
small wavelength of 60.8 nm to excite the transition. A frequency comb at this wave-
length can be generated by high-harmonic generation (HHG) of an IR comb around 
1033 nm (H17). At repetition rates >10 MHz an enhancement resonator can be em-
ployed which helps to reach the required intensity and boosts the conversion effi-
ciency. We require >100 µW at 60.8 nm for a reasonable excitation rate of He+. We 
expect to reach this by scaling demonstrated results [4] by a factor >10. This will be 
achieved by using a femtosecond Innoslab amplifier with 400 W average power [5]
and employing a new nonlinear pulse compression scheme suitable for these para-
meters, which overcomes the limitation due to self-focusing [6,7]. We use a geo-
metrical output coupling scheme of the harmonics from the enhancement resonator,
which is power-scalable because it avoids limitations due to an additional element, 
such as bandwidth, thermal effects, dispersion and nonlinearity [8]. A quasi-imaging 
resonator with a slit in a resonator mirror [9] and a circulating field distribution avoid-
ing the slit allows a large output coupling efficiency also at low harmonics [4,10]. The 
source can possibly be adapted to excite the 229Th isomer nuclear transition.
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