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THE LASER COOLING
CONCEPT FOR THE SiIS100
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cw laser

long pulse laser

short pulse laser

Combining all laser systems enables:

laser force width:

lowest achievable
momentum spread:
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low final momentum spread

short cooling times

prevention of reheating due to IBS
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LASER WAVELENGTH
SELECTION

12C3+ ~ 0.47
_ 7‘ion C* = B=0

}‘COll _Y(1 +B) \‘lﬁ
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LASER WAVELENGTH
SELECTION

1203+ ~
C* - B~0.83 / Cooling with 257 nm\

AVA

or 514 nm
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g{@‘g UNIVERSITAT
REQUIREMENTS FOR THE A DARMSTADT

PULSED LASER SYSTEM

wavelength: 514 nm and 257 nm
high average laser power

stable output power
adaptable pulse duration — variable laser force width
variable repetition rate — synchronisation with ion bunches

tunable wavelength — UV range of 3.4 THz
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THE LASER SYSTEM

DFB laser

fiber amplifier 2
fiber amplifier 3 — PCF fiber
fiber amplifier 4 — PCF fiber

SHG stage
LBO crystal
514 nm

FHG stage
BBO crystal
257 nm

----->
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POWER OUTPUT OF THE
LASER SYSTEM

~ )
' IR-1029 nm ?i Green — 515.5 nm
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601 . 734ps +
250l 4 ﬁzp;s + Pulse duration Pulse duration
= +
s 4 734 ps 17.1(4) W 734 ps 0.60(2) W
S | i 112 ps 34.2(10) W 112 ps 4.08(10) W
3 " 46 ps 30.4(9) W 46 ps 2.10(5) W
O 20
o | Beam profile at 34 W

10

0 20 40 60 80 100
Pump Power /W
~8TW

Only minor power variations due

to thermal fluctuations in long-
h term operation ‘
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WAVELENGTH TUNING AND
STABILIZATION

(75 TECHNISCHE
/ca“/’é UNIVERSITAT
i DARMSTADT

DFB laser

Temperature tuning 1028.23 nm —1031.21 nm Current tuning
approx. 3 nm (840 GHz) approx. 0.12 nm (35 GHz)

Triangular scan or stepwise
change of wavelength

i Wavelength stabilization ;]
Standard deviation: 2 MHz & |

Compatible with stepwise
wavelength change

Arbitrary functions possible
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TUNING OF THE SYSTEM

DFB laser
1028.23 nm — 1031.21 nm
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fiber amplifier 2

fiber amplifier 3 — PCF fiber
fiber amplifier 4 — PCF fiber

SHG stage
LBO crystal
514 nm

FHG stage
BBO crystal
257 nm

----->
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TECHNISCHE
IR POWER WITH - Bherao
WAVELENGTH TUNING
1.100
Lors. 10 MHz 112 ps P, =51.8 W
L:é 1.0507 /Peak-to-Peak power changes < 4.5 %\
o i
5 1'025_ Attributable to emission spectrum of
B M Ytterbium
= 0.975-
£ 0.950- Low ASE percentage — high
Z conversion in the following SHG stage
0:925° — R \ /
0.900

1028.5 1029.0 1029.5 1030.0 1030.5 1031.0
Wavelength / nm
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TUNING OF THE SYSTEM -

FREQUENCY CONVERSION

Normalized Power / a.u.

[ Aopt = 1029.6 nm ]

— Green Power
Fit
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TUNING OF THE SYSTEM -

S

FREQUENCY CONVERSION
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1028.5 1029.0 1029.5 1030.0 1030.5 1031.0
Fundamental Wavelength (IR) / nm

Green

\_

" Non-critical phasematching — temperature of the
LBO crystal — feed forward control

Limit of the maximum scan speed — 0.02 nm/s (IR)
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Fundamental Wavelength (Green) / nm

uv

(" Critical phasematching — angle of the BBO crystal !

No feed forward control possible — active feedback

\_

control

J
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TUNING OF THE SYSTEM

DFB laser . g
cw fiber amplifier
1028.23 nm — 1031.21 nm

fiber amplifier 2

w W W ™ fiber amplifier 3 — PCF fiber

2 fiber amplifier 4 — PCF fiber

[

i SHG stage FHG stage

- LBO crystal BBO crystal N

514 nm

257 nm
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TUNING OF THE SYSTEM - L b
ACTIVE CONTROL

S
==/
IS~

1.3
10 MHz 112 ps
5 1.21 IDmean (green) = 283 W | Pmean (UV) =14W
©
=11 fScan speeds up to 23 GHz/s (UV) possible\
3
E 1.0 Tuning range UV: 3.4 THz
Q
N
T 0.9 Problem: beam displacement while scanning
§ due to the angle tuning
< 0.81 —— Green \ J
— UV

1028.5 1029.0 1029.5 1030.0 1030.5 1031.0
Wavelength / nm
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TUNING OF THE SYSTEM - ACTIVE
CONTROL - DOUBLE CRYSTAL SETUP

2@/)=) UNIVERSITAT
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1.3
10 MHz 112 ps
S 1.2- P.can (green) = 26.1 W | P, (UV)= 1.8 W
©
= (Tuning range UV: 3.4 THz with 5.7 GHz/s (U®
%1.0-)‘%% _ Qy-m:; ,,,&"ﬁi‘l\%m[
% Reduced beam displacement
© 0.9
I Increased UV power: max. 5.30(13) W possible
£ 0.8 \_ /
S IR
2
0.7 —— Green
— UV — '_§»
1028.5 1029.0 1029.5 1030.0 1030.5 1031.0 85O 1 sm0s ¢

Wavelength / nm
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TECHNISCHE
UNIVERSITAT
BEAM EXPERIMENT 2021 - DARMSTADT
LASER COOLING OF 12C3+
Parameters \
p 0.47 S N
f, 1.291 278 MHz on fhiection —’ A
T 24.37(2) s : :
Tpuls 166 = 734 pS ' DIpOl- ‘
Iz 9.038 9145 MHz ] magnets
X 257235 nm Quadrupol \
XUV-Detector &
IDUV 200 mW Schottkf/dee(ic;c:tor
¢ Exciter N\ ,
( \ RF-cavity
ing: ~ .10 Pulsed
30 s electron precooling: Ap/p = 1.3:10 -

-

8o
Limited UV power due to degradation effects /
W,
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BEAM EXPERIMENT 2021 -
LASER COOLING OF 12C3+

28.10.2025

Time /s

8L} 734 ps
100

Interaction with coasting ion beam

90
80
70
601
50
208
30

—3000 —1500 0 1500 3000
Relative Frequency to 244.05 MHz / Hz

Laser and Quantum Optics | Institute for Applied Physics | Tamina Grunwitz

ION BEAMS AT THE SI1S8100

TECHNISCHE
UNIVERSITAT
DARMSTADT

21



PULSED UV LASER SYSTEM FOR LASER COOLING OF RELATIVISTIC BUNCHED ION BEAMS AT THE SI1S100

BEAM EXPERIMENT 2021 -
LASER COOLING OF 12C3+

Interaction with coasting ion beam

TECHNISCHE
UNIVERSITAT
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IR0} 734 ps 110 gelie et NN 166 ps

100 100 100
90 90 90
w ' & » 80 " 80
@ 70 @ 70 > 70
£ £ =
= 60 = 60 = 60
50 : 50 _ 50%
401 408 40
307 3000 -1500 0 1500 3000 055000 —1500 0 1500 3000 3073000 -1500 0 1500 3000
Relative Frequency to 244.05 MHz / Hz Relative Frequency to 244.05 MHz / Hz Relative Frequency to 244.05 MHz / Hz
Af (Laser - FWHM) Af (Schottky - FWHM) Ap/p
2.05(11) MHz 0.56(4) kHz 3.72(21) - 10
4.19(23) MHz 1.15(7) kHz 7.65(43) - 10
6.12(53) MHz 1.68(15) kHz 1.12(10) - 10°
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BEAM EXPERIMENT 2021 -
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LASER COOLING OF 12C3*

Interaction with bunched ion beam — 285 ps

200

f= 38.738205 MHz
Pavg= 79.8(19) mW

~

Central laser frequency
50

Electron cooling —30s  |Susaises _

—4000 TU2000 0 2000 4000
Relative Frequency to 244.05 MHz / Hz

28.10.2025 Laser and Quantum Optics | Institute for Applied Physics | Tamina Grunwitz

approximate interaction width

23



PULSED UV LASER SYSTEM FOR LASER COOLING OF RELATIVISTIC BUNCHED ION BEAMS AT THE SI1S100 Q“\\WIIII

SYSTEM PERFORMANCE IN BEAM . 2
EXPERIMENT 2025 -
LASER SPECTROSCOPY

%0)> DARMSTADT

UV power over 300 mW available

Long term operation (over 5 days) without need for
adjustments

Stepwise wavelength tuning over 3.4 THz

Synchronisation with ion bunches
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SUMMARY AND OUTLOOK
n 4 N

Long term stable (high) UV laser power

Average green power up to 34 W

Average UV power up to 5.3 W

Tuning range of approx. 3.4 THz (UV) :f. - Enhancing the laser systems computer-
S{=3 based control

Operation of wavelength tuning via
graphical user interface possible Beam experiment with cw and

pulsed laser systems

=) '-. -" &» J
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