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Motivation: Crystalline 1on beams
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Magnetic rigidity [Tm]

Motivation: Laser spectroscopy @ relativistic energy
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Advantages of laser cooling :

Fast cooling speed

Strong cooling force: increases with
beam energy o< y?

Laser cooling of relativistic ions
Access to ground state transitions of
heavy ions by huge Doppler shift
Precision laser spectroscopy of HCIs



Laser cooling and precision laser spectroscopy @storage rings
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Principle: Laser cooling @ storage rings
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Experimental setup & parameters

CSRe parameters

e Circumference 128.80 m
I & 1
™ I!'ll'!” B Max. magnetic rigidity Bp 9.4Tm
P T g, lon species 1605+
15 Electron cooler .
1 0\0@&“‘ _ 2l Cooler St i CSR Beam energy E 275.7 MeV/u
0
Lexperm:.en af 2705076& \(/)/ragci ng_ E'k 1625+ e Relativistic g, 0.636, 1.296
r In . n n Li-1l i
Aser cooling O(,B 0.64 © lu;:Oe)O © &o@‘b 87" Revolution frequency 1.48 MHz
~0.64, y~ L. Resonant <O ) -

Schottky pick-up V7 /@& Transition energy y, 2.629
_ Gasarget i &@9 Splitting factor 7 0.45
= - S Beam lifetime ~355
Ao v = [fc Ao Transition 2s,,, — 2py, 103.76 nm

Aaser = ——5< < ALaser = 1—
y(1—=5) y(1+p) Resonance energy 11.95 eV
2Py Lifetime of spontaneous emission t 2.44 ns

M
23, CW laser system
1 20,0 Laser wavelength 220 nm
~ .0 nm ~ =~ 490.

Laser 7o=103.8nm  ALaeer®48.9 nm Laser power 40 mW

Scanning range 20 GHz




Schottky system @ HIRFL-CSRe

Y W FET Resonant Schottky pick-up

1(t) 1

\ RF-bunche’r%\?

Resonant
Schottky pick-up

:
A

E-cooler

Time t/t,,
1(f) Aﬂ FFT

>

-4-3-2-1 01 2 3 4

CW Laser | Frequency f/f,
A =220 nm




Experimental results @ laser cooling of O°* ion beams
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Laser cooling of bunched 1°O°~* jon beams
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Laser cooling by CW laser and E-cooler
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Simulation method: phase space tracking
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The motion of i1ons in the phase space

The motion of bunched ions in the longitudinal The trajectory of bunched ions under fixed laser
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Laser interaction

Before absorption
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Simulation results: laser cooling process
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Simulation results: the coherent effect
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Simulation results: the coherent effect
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Method 1. Fit the sidebands of the Schottky spectrum
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Method 2. Calculate the r.m.s width of the Schottky sidebands
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Method 3. Sum the Schottky power of each sideband
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Summary

1. First laser cooling of 1*O>* ion beams at the storage rings:

Highest charge state and energy
Shortest transition wavelength: 103 nm
Laser cooling with a CW laser and the electron cooler

2. Simulation of laser cooling of *O>* ion beams at the CSRe.
Laser cooling process
Schottky spectrum of laser-cooled bunched °O>* ion beams

Coherent effect
Extraction of momentum distribution from Schottky spectrum of bunched ion beams
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