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Highly-sensitive photodetachment spectroscopy in
an MR-ToF device

Tuesday, 25 October 2022 15:30 (20 minutes)

The electron affinity (EA) reflects the energy released when an electron is attached to a neutral atom. An
experimental determination of this quantity serves as an important benchmark for atomic models describing
electron-correlation effects [1]. A comprehensive understanding of these effects is also necessary for accurate
calculations of the specific mass shift, which is required to extract nuclear charge radii from measurable total
isotope shifts. However, isotope shifts in the EA have been experimentally determined only for very few
stable nuclides so far, and only with modest precision. As an example, the isotope shift between the two
stable chlorine (Cl) isotopes is more precisely predicted in theory [2] than experimentally measured [3].

Exploiting the low-energy version of the Multi Ion Reflection Apparatus for Collinear Laser Spectroscopy
(MIRACLS) [4], we have initiated a high-precision measurement of the isotope shift in the electron affinity
between stable Cl isotopes as well as the long-lived 36Cl isotope. This can be achieved by photodetachment
threshold spectroscopy of negative Cl ions. By trapping ion bunches between the two electrostatic mirrors
of MIRACLS’multi-reflection time-of-flight (MR-ToF) device, the same ion bunch can be probed by the spec-
troscopy laser repeatedly. As a result, the photodetachment efficiency can be significantly increased in com-
parison with single-pass experiments. Thus, instead of conventionally used pulsed high-power lasers with a
large linewidth, narrow-bandwidth continuous-wave (CW) lasers can be employed. Consequently, the mea-
surement precision is improved.

By confining the Cl- ions for several 10,000s of revolutions in the MR-ToF device, the residual atoms in the
photodetachment process have been experimentally detected. For wavelengths only 3 nm above threshold,
a CW laser power as low as 0.8 mW is demonstrably sufficient to observe the process of photodetachment.
The first experimental data shows that the signal sensitivity of the new method is 3 to 4 orders of magnitude
higher compared to conventional single-pass photodetachment experiments, see e.g. [1]. A first cross section
curve of 35Cl was obtained providing confidence in the application of the new technique for high-precision
isotope shift measurements between 35,37Cl, which are currently in preparation.

Due to its small floor space of just 2m x 1m, anMR-ToF apparatus can be easily installed at existing radioactive
ion beam facilities. Combinedwith CW lasers operated at higher laser power, theMR-ToF techniquewill hence
allow measurements of EAs and isotope shifts in the EA for various radioactive negative ions for the very first
time as well as increasing the precision of existing measurements. Those new measurements will then serve
as important benchmarks for theoretical models to e.g. decrease the uncertainty on the specific mass shift,
which is often a leading contribution for the extraction of nuclear charge radii from measurable total shifts.

The novel technique will be introduced and the first experimental results will be presented.

[1] D. Leimbach et al., Nat Commun 11, 3824 (2020).
[2] T. Carette and M.R. Godefroid, J. Phys. B 46, 9 (2013).
[3] U. Berzinsh et al., Phys. Rev. A 51, 231(1995).
[4] F. Maier et al., Hyperfine Interact. 240, 54 (2019)
S. Sels et al., Nucl. Instr. Meth. Phys. Res. B 463, 310 (2020).
V. Lagaki et al., Nucl. Instr. Meth. Phys. Res. A 1014, 165663 (2021).

Primary author: MAIER, Franziska Maria (Universität Greifswald)



Co-authors: LEISTENSCHNEIDER, Erich (CERN); AU,Mia (CERN); BERZINSH, Uldis (University Latvia); BLAKEY,
Russell Gallatin (BostonUniversity (US)); GANZKE, Eleni (KIT - Karlsruhe Institute of Technology (DE)); HANSTORP,
Dag (Gothenburg University (SE)); Dr LECHNER, Simon (McGill University); LEIMBACH, David (Gothenburg Uni-
versity (SE)); NICHOLS, Miranda (Gothenburg University (SE)); PLATTNER, Peter (Max Planck Society (DE)); RE-
PONEN, Mikael (University of Jyvaskyla (FI)); ROTHE, Sebastian (CERN); SCHWEIKHARD, Lutz Christian (Uni-
versity of Greifswald (DE)); VILEN,Markus Kristian (CERN); WARBINEK, Jessica (GSI Darmstadt); MALBRUNOT,
Stephan (TRIUMF (CA))

Presenter: MAIER, Franziska Maria (Universität Greifswald)

Session Classification: P1 Accelerators and Instrumentation

Track Classification: P1 Accelerators and Instrumentation


