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Atomic Physics on Highly Charged lons
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The Lamb Shift (n H-like Gold Au*)
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The Lamb Shift (n H-like Gold Au*)
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High Resolution X-Ray Detectors for HCI Spectroscopy

Semiconductor Detector Crystal Spectrometer

* relatively cheap * high resolution * high resolution
 easy to operate (<60 eV @ 60 keV) (<60 eV @ 60 keV)
e compact in size * large dynamic range
 good efficiency * low efficiency
o difficult to align
* moderate resolution e large in size
(400 eV @ 60 keV)  low dynamic range * expensive

« complex device
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Crystal Spectrometer FOCAL




F@C A]L Crystal Spectrometer

Polychromatic Focus

Bent Crystal

-
_——
_—

-—
.
—

- -~ Optical Axisz

P TN~ As
T N Jf_ wymmetry Angle X%
X-Ray Source - |

Detector

—
—
M
/ Detector
Rowland Circle L N
| | | |
|| ."a'n', | ". ||| ‘|'|| |I| |
H.F. Beyer et al., J. Phys. B 48 (2015) 144010 100 105 110 115 120 125 130




FCAL crystal Spectrometer
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The GSI Accelerator Complex in Darmstadt




Doppler Effect

Doppler correction:
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The FOCAL setup
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Experiment Impressions

FOCAL 1 FOCAL 2
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Preliminary results
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Accompanying Experiments:
Gas-Jet & Detector Crystal Position
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Outlook: Future Improvements
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Summary

» The ESR storage ring at GSI has proven to provide very favorable conditions for precision x-ray
spectroscopic studies of atomic structure for heaviest one- (and few-electron) ions

* Next generation experiments aiming at testing higher-order QED effects in the heaviest H-like
ijons are underway utilizing dedicated high-resolution devices, e.g. crystal spectrometers in
combination with micro-strip germanium detectors and microcalorimeters

» The FOCAL experiment has successfully proven a feasibility for the usage of high-resolution /
low-efficiency crystal spectrometers at a storage ring

» Systematic effects still need to addressed in detail

Thank you very much for your attention |
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