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light ions 

 

 

low charge states 

 

 

low energies 

heavy ions 

 

 

high charge states 

 

 

high energies 

Tests of QED in extreme  

electromagnetic fields.  

New access to fundamental  

constants and to nuclear  

ground state properties. 

EB~10 eV 

Z~10-2 

EB~105 eV 

Z~1 

~Z3 

Study simple (few electron) systems 

to compare theory & experiments. 
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laser spectroscopy 

& laser cooling 
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2P 

transition 

l0=155 nm lp=93 nm la=257 nm 

ESR example:  

C3+ ion energy ≈ 122 MeV/u 

(b ≈ 0.47, g ≈ 1.13) 

2S 

The ion absorbs many directional momenta from the photons and  

decays each time with a random recoil, averaging out to zero.  

The principle: laser cooling of  

stored relativistic ions 

In our case, the cooling laser force is counteracted by the  

restoring force of the `bucket´ when the ion beam is bunched. 
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used laser systems:  

 

cw Ar+ laser (514 nm) +  

1 frequency doubling stage (257 nm)   

 

tuneable cw ECDL (diode, 1028 nm) +  

fiber amplifier +  

2 frequency doubling stages (514 and 257 nm) 

 

pulsed laser system (1028 nm) +  

2 frequency doubling stages (514 and 257 nm) 

 

 

laser beam stabilization system (50 – 100 m length) 

 

 test beamtime in April 2016 at CSRe in Lanzhou, China 

 test beamtime at GSI in July 2016 at ESR 

2004-2006 

2012-2016 

See the poster of Hanbing Wang (IMP) 
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Electron 

cooler 

Ions 

Experimental setup: ESR 

scanning laser 

pulsed laser 
laser lab 

scrapers 

(hor & vert) 

- fluorescence detection 

- Schottky resonator 

laser in 

laser out 

exciter 

(bunching) 

ionization  

profile monitors 
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moveable CsI-cathode for XUV fluorescence detection 

 BMBF funding: group of Prof. Christian Weinheimer (Uni Münster) 
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moveable CsI-cathode for XUV fluorescence detection 

 BMBF funding: group of Prof. Christian Weinheimer (Uni Münster) 

See the poster of Daniel Winzen (Uni Münster) 
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scraper xuv-detector 

gas jet 

target  

installed at the ESR 
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Laser beam transport and stabilization 

 BMBF Funding: group of Prof. Wilfried Nörtershäuser (TU-Darmstadt) 

 ARD funding: SIS100 project     
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ECDL scanning cw laser system  

(20 GHz IR, 3 GHz needed) 

BMBF funding: group of Prof. Thomas Walther (TU-Darmstadt)     
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Daniel 

Kiefer 

Photograph taken before  

the test beamtime at the ESR 
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Photograph taken before  

the test beamtime at the ESR 



Seite 14 

Pulsed laser system  
frequency-selective intra-cavity grating 

 BMBF Funding: group of Prof. Ulrich Schramm (HZDR, TU-Dresden)     
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Photograph taken before  

the test beamtime at the CSRe 

(IMP, Lanzhou, China) 
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experimental results: 

laser cooling 

 
- pulsed laser (TU-Dresden, HZDR) 

 

- scanning cw laser (TU-Darmstadt) 

 

- xuv-detector (Uni Münster) 
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in 2012 two ion species : 12C3+ (88%) & 16O4+ (12%) 

12C3+ 16O4+ 

50 kHz span 

@ 189th harmonic 
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in 2016 one ion species : 12C3+ (100%) 

12C3+ 16O4+ 

50 kHz span 

@ 189th harmonic 

Frequency [MHz]   
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Electron cooling on 

Bunching off 
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scanning (sine wave) of cw laser (TU-Darmstadt) 

early 

late 

tim
e
 
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Zhongkui 

Huang 

Thomas 

Kühl 

me 

Lewin 

Eidam 

Daniel 

Winzen 

Volker 

Hannen 

Photo taken by Hanbing Wang 
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Axel 

Buß 
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Schottky spectrum:  bunching ON, fixed cw laser frequency 

 

changing bunching frequency 

fixed bunching frequency 

 You can see the synchrotron lines, because the ion beam is bunched. 

    Unfortunately, there are also 50 Hz (and higher order) lines due to noise. 

early 

late 
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Schottky spectrum:  bunching ON, fixed bunching frequency 

 scanning cw laser (sine wave) 
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early 

late 

Schottky spectrum:  pulsed laser ON, laser frequency fixed, bunching ON,  

 scanning bunching frequency 

laser 

bunching 

frequency 

synchrotron lines 

are vanishing  

 laser cooling 

 Important result:  the pulsed laser acts on the ions! 
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experimental results: 

laser spectroscopy 

 
- xuv detector (Uni Münster) 

 

- HV divider (TU-Darmstadt) + DMM 

 

- scanning cw laser systems (TU-Darmstadt) 

 

- pulsed laser system (TU-Dresden, HZDR) 
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2s1/2  2p3/2 

laser wavelength = 257,17 nm  

transition wavelength = 154,82 nm 

calc. HV = 67221,0 V 

 

2s1/2  2p1/2 

laser wavelength = 257,17 nm  

transition wavelength = 155,07 nm 

calc. HV = 66770,9 V 

155,0798 

155,0774 

155,0777   nm 

155,0774 

155,0705 

154,8216 

154,8202 

154,8203   nm 

154,8202 

154,8127 
1/2 

1/2 

3/2 

1/2 

1/2 

3/2 

s-state p-state 

Hyperfine Interactions (2005) 162:181–188  

U. Schramm, M. Bussmann, D. Habs et al.  
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Sombrero 

high-voltage divider 

TU-Darmstadt (10000:1) 

installled at the ESR 

electron cooler 
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PRELIMINARY 

See the poster of Daniel Winzen (Uni Münster) 
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(DC-Trafo) 

ion current 

vs  

time 

fluorescence 

vs  

time 

exponential 

fall-off 

PRELIMINARY 
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PRELIMINARY 
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changing the 

HV in the 

smallest steps 
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PRELIMINARY 

calc. HV = 67221.0 V 

Measurement of the 2s1/2  2p3/2 fine structure transition 
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• laser-cooled relativistic 

     heavy ion beams 

• Zion= 10 – 60 (3 – 19 electrons) 

• g up to 13 (huge Doppler-shift) 

• extraction of very cold and very short  

     ultra-relativistic ion bunches  

• only cooling method  

     in SIS100 

• laser spectroscopy 

     (fine structure) 
laser 

beam 

ion 

beam 

fluorescence 

(xuv, x-ray) 

executive summary 
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laser 

cooling  
& spectroscopy 

SIS100 

Photograph of the FAIR building site 

Building of the  

northern section 

will start in 2017. 
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