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Secondary sources afs
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* High-power driving laser + plasma/charged particles = secondary emission of photons/particles

* ASML/TRUMPF EUV-Source is an industrial laser-plasma based secondary source already!
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Secondary sources

afs
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Applications afs
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Imaging (photons) Attoscience Imaging (neutrons)

Secondary sources:
From the lab to the real world!

el e
Dl R Ul 2yl High pulse energy / peak power

o o High average power
High wall-plug efficiency
Robust
Compact
Reasonable cost
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State-of-the-art high-peak-power systems afs
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Titanium-doped sapphire

Pulse energy: 42J
Pulse length: 40fs
Peak power >1PW
Repetition rate: 1Hz

Efficiency: 42W out for
130kW input: 0.03%

Lawrence Berkeley National Laboratory
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State-of-the-art solid-state laser systems afs
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Fiber: Innoslab: Thin disk:
Ytterbium-100 Amphos8000 Dira 1000-5
1mJ, 100W, 250fs 5mJ, 200W, 1ps 200mJ, 1000W, 500fs

TRUMPF

* afs MAAMPHOS

Member of the TRUMPF Group w

Member of the TRUMPF Group Il
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Herriott-cell nonlinear compression afs
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Ultrafast Tm-doped fiber laser @ 2um wavelength afs
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1980 nm <1Hz - 25MHz 400 fs — 1.5ns Can be post-compressed to <20fs

* Output prepared for connection to free space
or fiber beamguiding system
» Safetey shutter included

RTC6 interface
Control via Software — API

Easy service access via
side ports

Footprint: 0.24 m?
(2.6ft?)

Visit us @ Booth

Removable foot holds for
seamless integration

A3.327

Active Fiber Systems GmbH | www.afs-jena.de | 10 NON-CONFIDENTIAL LWoP Industry Panel, 24.06.2025



Tm-200

120W (200W)

200 (2mJ) e B

<150fs - 2
. i

1950nm

i

(IR
-

Active Fiber Systems GmbH | www.afs-jena.de | 11

NON-CONFIDENTIAL

Ultrafast Tm-doped fiber laser @ 2um wavelength

corrected power / W
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afs
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Coherent beam combination

A

Compressor

Division Stage
Combining Stage

Achievable parameters limited by cost & size,

not by physics!
- Best case: Improvement of the pulse energy and average power by a factor of N
- |deally suited to fiber lasers (parallelization)
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Coherent beam combination

1x0.04 m)
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Coherent beam combination
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[1] M. Mdiller et al., "10.4 kW coherently combined ultrafast fiber laser," Opt. Lett. 45, 3083 (2020).
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Coherent beam combination

| AFS Ytterbium-2000: 20mJ, 2kW, 250fs
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Coherent combination with multicore fibers B tetvss

Friedrich-Schiller-Universit:

* 4x4 Yb MCF, 21um core diameter, 1m length
e 1kW total output power achieved
 Ultrafast: >500W, >600p, 300fs!1]

e 7x7 Yb MCF, 32um core diameter, 1.2m length
e 1kW total output power achieved

e Ultrafast: work in progress

Outlook:
* 10x10 Yb MCF preform fabricated 7x7 Yb MCF, Soum core diameter

200mJ, 2kW, 200fs from a single MCF
3J, 30kW, 200fs from 16x MCF

[1] A. Klenke, et al., "500 W rod-type 4 x4 multicore ultrafast fiber laser," Opt. Lett. 47, 345-348 (2022)
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XUV Setup — Compact Beamline afs
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—_— 66.9W mean with 0.102% STD

corrected power / W

0.0 25 5.0 75 100 125 150
time / h
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XUV output results

Harmonic | Photon Wavelength Flux /10210 Photons/s/(1%

energy /eV /nm bandwidth)
/1 17.5 30*
93 13.3 0.2
112 11.1 0.8*
109 131 9.5 1.9*
Some exemplary photon fluxes of this source. The *-marked values state world-record HHG fluxes.
1.0 1 1.0
E 0.8 1 A
2061 Change of gas-jet durin
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State of the Art coherent XUV sources

afs
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State-of-the-Art coherent XUV sources ~afs
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R. Klas, A. Kirsche, M. Gebhardt, J. Buldt, H. Stark, S. Hadrich, J. Rothhardt, and J. Limpert, "Ultra-short-pulse
p h Oton ene rgy (eV) high-average-power megahertz-repetition-rate coherent extreme-ultraviolet light source," PhotoniX 2, (2021).
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State-of-the-Art coherent XUV sources g et afs

Friedrich-Schiller-Universitat Jena Member of the TRUMPF Group EI
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State-of-the-Art coherent XUV sources afs
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Laser-Driven X-Rays — XProlas afs
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Laser-Driven X-Rays — XProlLas afs
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Laser-Driven X-Rays — XProlas afs
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X-Ray - Application

With funding from the:
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X-Ray Diffraction

~____—vision technology

Associated Partners
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We create chemistry
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Experimental Setup — THz Generation B i afs
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e Two-color gas-plasma
approach!®2l

500 kHz Gas-Jet
* Input: 500 kHz, 1.3 mJ, 37 fs 633 W, 1.3 mJ :

37 fs
* Argon gas-jet in focus \BS 5010

e Spatial separation of
THz/pump light

Output

* Average power of 640 mW

e Efficiency of 0.1%
(state of the artat 1 um)

Photodiode

Dump

[1] J. Buldt et al., "Gas-plasma-based generation of broadband terahertz radiation with 640 mW average power," Opt. Lett. 46, 5256-5259 (2021)
[2] J. Buldt et al., "High-power two-color plasma-based THz generation driven by a Tm-doped fiber laser," Opt. Lett. 48, 3403-3406 (2023)
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Current AFS-Project: Beamline including Momentum Microscope afs
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