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 create worldwide unique laser cooling facility @ FAIR SIS100

 first application of laser cooling at a large synchrotron using novel cw & 

pulsed laser and detection systems

 possibility to deliver very cold & very short ion bunches to FAIR 

experiments (e.g. plasma physics)

 “efficiency” of laser cooling increases with ion beam energy ()

 highly relativistic ion energies of the SIS100 allow cooling of many ion 

species by exploiting the huge Doppler shift ( up to 13): Z = 10 – 54

 laser spectroscopy of the electronic structure of heavy ions

Motivation
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Using three laser systems at the SIS100 

simultaneously combines the advantages of:

 covering a large ion velocity range

 suppressing heating effects like IBS

 fast cooling (order of seconds)

 lowest possible longitudinal ion momentum spread

∆𝑝/𝑝 ~10-7

 shortest ion bunch lengths (order of ~10 ns) 

But … requires overlap of ion and laser beams

in space, time & energy !

3-beam laser cooling at the SIS100

short pulse laser (HZDR)

cw laser (TU Da)

long pulse laser (TU Da)
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 cw laser system (TU Darmstadt):

 frequency-quadrupled

 diode laser (257 nm)

 narrow linewidth

 large scanning range

 av. power in UV ~1.5 W

 pulsed laser system (TU Darmstadt):

 frequency-quadrupled

 diode laser (257 nm)

 rep. rate 1-10 MHz

 pulse length 50 – 740 ps

 av. power in UV ~4 W

 pulsed laser system (HZDR):

 frequency-quadrupled

 diode laser (257 nm)

 rep. rate ~5 MHz

 pulse length 1 – 100 ps

 av. power in UV ~2 W

TU Da pulsed laser

HZDR pulsed laserTU Da cw laser

3 complementary laser systems  BMBF funding
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cw + pulsed lasers

(UV, VIS)

XUV & soft X-ray 

fluorescence

GSI

SIS100 laser cooling pilot facility
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Timeline & milestones

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

today

start funding

FAIR Core Invest

end of funding,

laser systems ready

POF V

construction of

laser lab @ SIS100

 TU Darmstadt applied for BMBF funding: FAIR Core Invest (235 k€, 2005)

 TU Dresden applied for BMBF funding: FAIR Core Invest (192 k€, 2005)

earliest beams

in SIS100

BMBF

earliest start

of experiments

krypton (Kr): Z=36, Q=33+, M~84, 

Br = 58 Tm, Ekin = 5.98 GeV/u.

tin (Sn):  Z=50,  Q=47+, M~118, 

Br = 87 Tm, Ekin = 9.51 GeV/u.

xenon (Xe):  Z=54, Q=51+, M~130, 

Br = 98 Tm, Ekin = 10.66 GeV/u.

 no nuclear spin (I=0)
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Thank you

for your

attention!

`laser in´ chamber

detector cave

XUV / soft X-ray

detector system

 Uni Münster


