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Abstract: An improved moveable in vacuo XUV fluorescence detection system was employed for

the laser cooling of bunched relativistic (β = 0.47) carbon ions at the Experimental Storage Ring

(ESR) of GSI Helmholtzzentrum Darmstadt, Germany. Strongly Doppler boosted XUV fluorescence

(∼90 nm) was emitted from the ions in a forward light cone after laser excitation of the 2s–2p

transition (∼155 nm) by a new tunable pulsed UV laser system (257 nm). It was shown that the

detected fluorescence strongly depends on the position of the detector around the bunched ion

beam and on the delay (∼ns) between the ion bunches and the laser pulses. In addition, the

fluorescence information could be directly combined with the revolution frequencies of the ions (and

their longitudinal momentum spread), which were recorded using the Schottky resonator at the

ESR. These fluorescence detection features are required for future laser cooling experiments at highly

relativistic energies (up to γ ∼ 13) and high intensities (up to 1011 particles) of ion beams in the new

heavy ion synchrotron SIS100 at FAIR.
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1. Introduction

High-precision experiments on ions stored at relativistic velocities demand a narrow
longitudinal momentum distribution of the ion beam, which can only be achieved using
cooling techniques. At the Experimental Storage Ring (ESR) at GSI, electron cooling is
being used [1] to cool beams of highly charged ions and achieve low relative momentum
spreads of ∆p/p ≈ 10−5 [2]. However, the efficiency of this method is limited for ion
beams of higher energy, as expected at the currently constructed heavy ion synchrotron
SIS100 at FAIR. Stochastic cooling is limited to low particle intensities, making laser cooling
the most promising cooling method for the SIS100 [3]. Laser cooling uses a suitable
(fast and closed) electronic transition in an ion that is excited by laser photons from co-
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and counterpropagating laser beams, transferring energy and momentum to the ions.
The ions subsequently de-excite through the isotropic emission of fluorescence photons
(accompanied by a recoil of the ion) [4]. The net result is a deceleration of ions which are
slightly too fast, being excited by the counterpropagating laser light, and an acceleration of
slower ions in resonance with the copropagating laser. For relativistic ion beams, where a
large Doppler shift of the laser wavelength is observed in the rest frame of the ions, only
excitation by a counterpropagating laser beam is technically feasible.

In order to only decelerate the ions that are too fast, a counteracting force is also
required to achieve true cooling. This RF bucket force is provided by a harmonic bunching
of the ion beam at a frequency ( fb) which is an integer multiple (h) of the ion revolution
frequency ( frev) in the ESR, i.e., fb = h · frev (∼9 MHz). When a pulsed laser system is used,
a wide range of ion velocities can be addressed simultaneously, leading to a higher laser
cooling efficiency [5] if a good spatial and temporal overlap between the laser beam and
the ion beam is ensured. Observation of the fluorescence is the best and most direct method
to verify and optimize the overlap in energy space and time of the laser pulses and ion
bunches. Therefore, a specialized detection system is needed to monitor the fluorescence.
This paper reports first results (analysis ongoing) obtained with a redeployed and improved
in vacuo XUV detection system [6] during a beamtime at the ESR in 2021. A more in-depth
discussion of the experiment can be found in [7].

2. Experimental Setup and Parameters

The experiment was carried out at the Experimental Storage Ring (ESR) at GSI
Helmholtzzentrum für Schwerionenforschung in Darmstadt, Germany. The ESR (see
Figure 1, left) was built to store and cool beams of heavy ions at relativistic speeds [1]
between 10 % and 90 % of c and with atomic numbers between 1 (proton) and 92 (uranium).
It utilizes a total of six dipole magnets with a magnetic rigidity of up to 10 Tm and has a
circumference of about 108 m. The ESR features an electron cooler suitable for voltages
between 2 and 240 kV and a system for stochastic cooling (400 MeV/u). Being designed for
experiments, the ESR can house multiple detection systems for various experiments in a
16.5 m long straight section of the ring.

The ion beam was spatially overlapped with a counterpropagating laser beam on
the same straight section where the XUV fluorescence detector is located. The revolution
frequency of the ions was measured with a Schottky resonator at the 189th harmonic
(∼244 MHz), while the emitted fluorescence photons were measured using the improved
moveable in vacuo XUV detection system [8,9]. The principle of the XUV detector (shown
in Figure 1 on the right) relies on the photoelectric effect and was successfully deployed
in 2016 for laser spectroscopy of the 2S1/2 → 2P1/2, 2P3/2 transitions in stored and cooled
relativistic C3+ ions [8]. The XUV detector’s geometry is designed to collect forward
emitted photons, taking into account the relativistic boost which causes the fluorescence
photons to be emitted in a 1/γ cone in the forward direction [10]. When fluorescence
photons hit the (moveable) cathode, electrons are emitted and accelerated away from the
cathode by an applied negative voltage. These electrons are then guided by an external
(ex vacuo) magnetic field onto a microchannel plate (MCP) detector. This detection system
was improved before the beamtime by installing a stepper motor-controlled linear drive for
the motion of the cathode and by mounting an improved shielding to reduce the amount
of stray laser light and unwanted charged particles arriving at the MCP. The stepper motor
enables the operation of the detector with the cathode at intermediate positions between
the parking position (where both signal and background rates are low) and the center of
the beamline (where the opposite is the case). This therefore allows the optimization of
the signal to background ratio. The new shielding reduces the background from the laser
light and from charged particles created in the vicinity of the detector, e.g., by residual
gas ionization or by an ion-getter pump located below the detection system. With the
improved shielding, it was for the first time possible to run the detector and the ion-getter
pump in parallel. While the beam-related background is still a problem, these changes were
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was successfully redeployed, and more results from the experiment will be published in
the near future.

5. Outlook

Currently being developed and built is a fluorescence detection and spectroscopy
system for the laser cooling project at the upcoming SIS100 synchrotron. The new dispersed
fluorescence detection system uses an aberration-corrected laminar grating in grazing
incidence geometry which diffracts photons dependent on their wavelengths. An open-face
micro-channel plate detector in a Chevron stack configuration (sensitive to the soft X-ray
regime) with a position-sensitive delay-line readout (≤0.5 ns time resolution) is used for
spectrally resolved detection. If no energy resolution is required, the system can also be
used for direct detection of the fluorescence photons with a significantly larger acceptance.
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