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Ácreate worldwide unique laser cooling facility @ FAIR SIS100

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

pulsed laser and detection systems

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

experiments (e.g. plasma physics)

Áñefficiencyò of laser cooling increases with ion beam energy (g)

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

species by exploiting the huge Doppler shift (gup to 13): Z = 10 ï54

Á laser spectroscopy of the electronic structure of heavy ions

Motivations for the FAIR SIS100
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Simulations by Aleksandar Dimitrov

PRELIMINARY
1 scanning

CW laser

no particle

interactions

and for the SIS100 : 
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Simulations by Aleksandar Dimitrov

PRELIMINARY

1 scanning

CW laser

after 2 

pulsed

lasers

with particle

interactions
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Using three laser systems at the SIS100 

simultaneously combines the advantages of:

ü covering a large ion velocity range

ü suppressing heating effects like IBS

ü fast cooling (order of seconds)

ü lowest possible longitudinal ion momentum spread

æὴ/ὴ~10-7

ü shortest ion bunch lengths (order of ~10 ns) 

But é requires overlap of ion and laser beams

in space, time & energy !

3-beam laser cooling at the SIS100

shortpulse laser (HZDR)

cw laser(TU Da)

longpulse laser(TU Da)

N, I

v, l

Bucketacceptance

initial / final
ion velocity
distribution
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αshortά ǇǳƭǎŜ 
lasersystem

αlongά ǇǳƭǎŜ 
lasersystem

continuouswave
lasersystem

Ápulse duration: 10 ς100ps
Árepetition rate: up to 5 MHz
Ápower: up to 10 W @ 1028 nm

up to 100 mW @ 257 nm

Ápulse duration: 50 ς740 ps
Árepetition rate: up to 10MHz
Ápower: up to 60 W @ 1028 nm

up to 4 W @ 257 nm

Ánarrowlinewidth
Ámodehop free scanningover20 GHz 

(50 Hz scanrate) @ 257 nm
Ápower: up to 1.6 W @ 257 nm

Note: All lasersystemsusetwo frequencydoublingstages: 1028 nmĄ 514 nmĄ 257 nm

2024 ς2027: FullαC!Lw /ƻǊŜ Investά fundingof 3 lasersystemsfor SIS100 lasercooling
α±ŜǊōǳƴŘŦƻǊǎŎƘǳƴƎά
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SIS100

area for

laser cooling

ions

The facility
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detector

cave

exp.

area

ion bunches

laser beams

The beams

laser lab

fluorescence
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entry exit

concrete

Transport and installation of the laser beamline
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taken 2024

17

SIS100 maintenance tunnel

entry of the

laser beamline ïpart 1

laser lab
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taken 2024

18

SIS100 accelerator tunnel

exit of the

laser beamline ïpart 1
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commissioning of the

laser beamline ïpart 1

Fri. 13 June 2025



FAIR GmbH | GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany

exit of the

laser beamline ïpart 2

mirror box
ILBI

SIS100 laser beamline ïpart 2
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SIS100 laser beamline ïpart 2
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SIS100 laser beamline ïpart 2
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SIS100 laser beamline ïpart 2
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exit of the

laser beamline ïpart 2

mirror box

ILBI
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two experiment vacuum chambers Special thanks to

Ivan Pongrac !!!
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x-ray/xuv fluorescence detection (Münster)

18. June 2025
MoU between

Münster University 

and GSI / FAIR. 
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The SIS100 laser lab

Start

Dec ´25

Finished

Aug ´26
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1.90 m

0.90 m

0.05 m

1.0 m

FFU

Gerät
Gerät Gerät

1 Regal mit 1 FFU (1,2m x 0,6m) drin 

und 

eine Bürstenleiste um FFU herum 

(um Kabel und Faser durchzuführen)

Regal auf Höhe 1,9 m (Unterkante)

Kunststoff Paneele (durchsichtig)

Maßen: 1,0m x 1,05m x 3 mm Dicke

Wie viele Ketten/Seile?

4, 6 oder 8?

1.05 m
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2,4 m

1,5 m

0.03 m

0.03 m

Lasertisch

(Draufsicht)

1,0 m

1,0 m

durchsichtige

Paneele

1,0 m 

x 1,05 m

Rail / Schiene für Paneele
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2,4 m

1,5 m
0,555 m

0,405 m

0,555 m

1 Regal

mit 1 FFU

und 

Bürstenleiste

FFU

(Draufsicht)

0,405 m

0,044 m

0,044 m

0,044 m

0,044 m

1,2 m

0,6 m

Kabelmanagement Bürstenleiste, 1 HE

https://www.reichelt.de/de/de/shop/produkt/19_kabelmanagement_buerstenleiste_1_he_schwarz-279918

Nylonbürsten

schwarz

Metall

Maße (LxBxH): 

ca. 482,0 x 44,2 x 10,0 mm

Regal

(Draufsicht)
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Meeting Darmstadt & Dresden: 6 ï7 August 2025 
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Thank you

for your

attention!
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EXTRA SLIDES
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taken 2024

35

SIS100 accelerator tunnel

detector

cave
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mirror box

ILBI
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active position parking position

stepper motors

linear feedthroughs

position readout

aperture

grating MCP

optical shield

baffles

x-ray/xuv fluorescence detection (Münster)
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soft x-ray

source

1.6 ɛm Al

filter foil

MCP
grating

entrance 

slit

baffles

x-ray/xuv fluorescence detection (Münster)
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x-ray/xuv fluorescence detection (Münster)

2. September 2025
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@ESR @SIS100 @SIS100

L
. 
E

id
a

m
,
 
Ă

L
a

s
e

r 
C

o
o

li
n

g
 o

f 
In

te
n

s
e

 R
e
la

ti
v
is

ti
c
 I
o

n
 B

e
a

m
s
ñ
,
 

D
is

s
e

rt
a

ti
o

n
, 
2

0
1

7

Simulations by Lewin Eidam

single pulsed laser

two pulsed lasers

(for Ti19+)

Expected cooling times and momentum spreads
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Á laser cooling is frequently applied to atoms/ions in small traps (~cm)

Ánormally, several laser beams are used coming from different directions Ą 3D

Á the laser light is mostly continuous (cw)

Á typically, light atoms/ions (singly charged)are used (Be, Na, Mg, Ca é)

Á the velocities of the atoms/ions is usually low

Áwe want to apply it to a very large accelerator (~1.1 km)

Áour laser beams come from one direction only Ą 1D

Áwe will use cw and pulsed laser beams (MHz rep. rate)

Áwe will use heavy ions in very high charge states

Á the ions have relativistic velocities (99% of c)

Why is our laser cooling interesting?

extreme
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The combination of one cw

and two pulsed (MHz rep. rate) 

UV laser systems allows for

simultaneous and fast laser

cooling of a broad ion

momentum distribution.

New approach for laser cooling

picture taken from: Technical Report (TDR) for the design, construction and commissioning of the SPARC

laser systems for laser cooling at the FAIR SIS100, Oct 2020.

ion momentum

laser frequency

0) ion momentum distribution

1) cw laser spectrum

2) long pulse laser spectrum (100 ps)

3) short pulse laser spectrum ( 10 ps)
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Differences between ESR and SIS100

Å normal conducting magnets (open, warm)

Å laser beam enters within dipole magnets

Å ion beam bends away, laser beam goes straight

Å laser beam enters & exits via quartz viewports

which are in-line with ion beam pipe

Å no mirrors in UHV

Å superconducting magnets (closed, cold)

Å laser beam enters in between dipole magnets

Å ion beam goes straight, laser beam bends away

Å laser beam enters & exits via quartz viewports

which are perpendicular to ion beam pipe

Å (moveable) aluminium mirrors in UHV

ESR SIS100
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cavities cavities cavities cavities

1.00 cm =    1.843 m

24.20 cm = 44.60 m

T = 24.20 cm = 44.60 m

b

ion

beam

ion

beam

3 laser

beams

scraper 1

(DSA)scraper 2 

(DSB)

laser in 

(ILBI)

laser out 

(ILAO)

~20 m

1S311S321S331S34

M

M

fluorescence detection

(Uni Münster)
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laser

ions

fluorescence

Transport and installation of the laser beamline

January 2021 

13 m
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SIS100 laser-detector chamber ST2


