Preparation for laser cooling of relativistic Li-like O°* at the CSRe
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Synopsis Laser cooling of relativistic heavy ion beams at storage rings is one of the most promising techniques
to reach high phase-space densities and achieve a phase transition, an ordered beam, or even a crystalline beam.
Compared with the established cooling schemes at storage rings, such as electron cooling and stochastic cooling,
laser cooling rate is expected to be much higher and laser-cooled ion beams could reach ultra-low temperatures
(~mK). We will present the preparation of laser cooling of 280 MeV/u 1%0%" ion beams at the experimental cool-
er storage ring CSRe at the Institute of Modern Physics, Chinese Academy of Sciences.

A schematic view of the experimental set-
up for laser cooling of relativistic ion beams at
the CSRe is shown in Fig. 1 on the left, and the
parameters relevant for the experiments are
summarized in the table on the right. The ex-
periment is to be performed in 2017. We will
present the progress of our preparation of laser
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cooling experiments at the CSRe [1], and also
outline laser cooling and precision laser spec-
troscopy of highly charged and relativistic
heavy ions at the future large facilities, such as
High Intensity heavy ion Accelerator Facility
(HIAF) [2].

CSRe parameters

Circumference 128.80 m
Ion species 1605+
Beam energy 280 MeV/u
Relativistic £, 0.64, 1.30
Revolution frequency 1.49 MHz
Transition energy », 2.626
Splitting factor 7 0.44
Harmonic number A 10, 15

Laser system
Laser source cw laser
Laser wavelength  4,,,, =220 nm
Py =40 mW

Scanning range Afase= 20 GHz

Laser power

Cooling transition
2510 2p1p Jrest = 103.76 nm

251 = 2p3p Jrest = 103.19 nm

Figure 1. (Left) Schematic view of the experimental setup for laser cooling of 280 MeV/u Li-like 05+ at the CSRe,
the locations of a cw laser, laser beam transport, electron-cooler, RF-buncher, resonant Schottky pick-up, and UV-
sensitive fluorescence detection systems are shown. (Right) The experimental parameters of laser cooling of 605+

ion beams at the CSRe.
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