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Laser amplifier applications at FELSs
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The seeding driving laser amplifier .
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Special needseé input from the future user community
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Optical Parametric Chirped Pulse Amplification (OPCPA)

Non-collinear amplification (NOPA)

A type-l phasematching in BBO

- . _{b‘_‘:‘f
A pump wave: extraordinary axis ,@,‘?‘“’
oss kg
A signal / idler wave: ordinary axis A el Kiger
f_r;f:—f’/
e k

Dubietis et al., Opt. Commun., 88, 437 (1992). R P
I. N. Ross et al., Opt. Commun., 144, 125 (1997). ’ Koump = Ksignal + Kidier

Optical parametric chirped pulse amplification

A broadband amplification
A instantaneous process A no energy storage, no inversion

A negligiblea b s o r p ma tlkermaldoad A High repetition rates (high average power)
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A conversion efficiency >20% in 2-pass OPCPA

€ b uequires a



Optical Parametric Chirped Pulse Amplifier: Setup

Laser system Setup: combining

- Ti:Sa oscillator frontend

A split for signal and pump seed

Ti:Sa Osc.

OPCPA with ultra -short pump amplifiers

- adaptive dispersion control for signal (4-f SLM)
- Yb based CPA with high repetition rate
- Sub-ps pump pulses from CPA

Soliton Shift P CPA-Svst
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g Stretc:her g ! Comp. ; SHG
PCF | |
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Chirped Mirrors
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Stretcher + Dispersion Control 2-Stage OPA Compressor
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The OPCPA pump amplifier

Ti:Sa Osc.
¢ D

Soliton Shift P CPA-Svst
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The OPCPA pump amplifier

¢ Pump CPA-System -, :
;Stretcher C .

Fiber Amp. —  Booster

The challenge : OPCPA pump Laser

A central wavelength: 1030 nm

(SHG @ 515 nm used for OPCPA)

pulse energy: 20 mJ A 10 mJ @ 515 nm

repetition rate: 100 kHz cw [ burst (1 MHz final version)

pulse duration: sub-1 ps

o> > >

multi -kW average power Laser amplifier !
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Pump amplifier : fiber amplifier front -end

Fiber Amp. —

A 4 fiber amplifiers

(2 Yb:glass rod type PCF ampilifier)
A Chirped Pulse Amplifier (CPA), 2nsY ps \

A current amplifier max 50 W continuous and burst
repetition rate (100 kHz i 1 MHz)

T. Eidam, et al,
Opt. Lett. 35, 94-96,
(2010).

Fiber amplifier
(IAP Jena)
Helmholtz -Institute Jena
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Pump amplifier : fiber amplifier front -end

{ Pump CPA-System -, :
;Stretcher C .

Fiber Amp. —  Booster
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T. Eidam, et al,
Opt. Lett. 35, 94-96,
(2010).

Fiber amplifier
(IAP Jena)
Helmholtz -Institute Jena
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Results: OPCPA with fiber pump laser
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Pump amplifier. |rrosiadgnaphipéfiefront -end

Pump CPA-System R .=

i Stretcher

Fiber Amp. — Booster

Cavity mirrors aF;_:_hk 1 Seed-
iy 7 | radiation

W Heatsin!
Dichroic mirrors

T Eidam, eta,  Innoslab amplifier

Opt. Lett. 35, 94-96, (ILT Aachen)
(2010).

Fiber amplifier
(IAP Jena)
Helmholtz -Institute Jena

F. Tavella | Hamburg | 26-01-2012 | Page 13 @



Pump amplifier : Innoslab amplifier

Pump CPA-System R .=

i Stretcher

Fiber Amp. —  Booster

Development from Amphos (spin-off from ILT)

Different sets of amplifier modules

A >1.5kW currently installed at DESY (burst-mode
and continuous operation possible)

A up to multi-kW burst mode planned XFEL/DESY

Qutput

Cavity mirrors HF:'-::E_'_'_:_'_'_'"---'-..,_ _ Seed-
< T Wradiation

L T Heai‘ém P
AN Dichroic mirrors

Laser crystal

d=1mm Innoslab amplifier
T_~ * ”" 1amm (ILT Aachen )

Pump radiation
I 10mm

l 21 = B -

Pump radiation N el — | ?
Laser crystal
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Pump amplifier : Innoslab amplifier

Pump CPA-System = oD 3

E'Stretcher
Fiber Amp. —  Booster
Development from Amphos (spin-off from ILT) .
Different sets of amplifier modules
A >1.5kW currently installed at DESY (burst-mode
and continuous operation possible)
Output Cavity mirrors “F‘ T}, Seed-

__/ = "' _]radiation

A up to multi-kW burst mode planned XFEL/DESY

Wavelength (nm)

~
~_ 7 >
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1.0 S — ———— " Dichroic mirrors 10mm
Innoslab amplifier

05 L (ILT Aachen)

oo
T

A 250 W module tested between 12.5-100kHz

M. Schulz et al.,
Opt. Lett. 36 2456-2458 (2011)
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Pump amplifier : Thin-disk amplifier

¢ Pump CPA-System -, :
i Stretcher C ;

Fiber Amp. —  Booster

Bending mirror

Parabolic mirror

Output Couplet e
—_——

Laser Beam
Figure 2 - Principle of a Disk Laser cavity

Multipass design with max. 30 passes through the disk

Folding Output beam
mirrors |
I Qwp
Disk on H
heat sink | Back reflecting
" I Mirror
Pump beam Input beam —
TEP / Mirror Array
Folding

mirrors
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Pump amplifier : Thin-disk amplifier

{ Pump CPA-System -, :
;Stretcher C 5

Trumpf Laser GmbH
- Pumping Beam
Fiber Amp. —  Booster

Bending mirror

Parabolic mirror

e ——
Laser Beam

Figure 2 - Principle of a Disk Laser cavity

Multipass design with max. 30 passes through the disk _ 1 :
Thin disk multipass amplifier (DESY)
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Pump amplifier : Thin-disk amplifier

Pump CPA-System = Corn. ,
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Pump amplifier

¢ Pump CPA-System -, :
;Stretcher C .

Fiber Amp. —  Booster

The challenge : OPCPA pump Laser

A central wavelength: 1030 nm

(SHG @ 515 nm used for OPCPA)

pulse energy: 20 mJ A 10 mJ @ 515 nm

repetition rate: 100 kHz cw [ burst (1 MHz final version)

pulse duration: sub-1 ps

OPCPA development

o> > >
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what can we do next

A Pilfnp CPA-System -~—-—rces :
i Stretcher Comp.

Fiber Amp. — Innoslab ~ ... = Innoslab _@ SHG .

.................................................................................................

2 stage OPA Ep>1mJ

-

G Pump CPA-System  --------------mmmmmeooeooooaes ; tp=5-30fs

i Stretcher Comp. i

: G 0.1-1 MHz
Fiber Amp. — Innoslab ~ ... —  thin-disk —B i

-------------------------------------------------------------------------------------------------

‘ 2 stage OPA

>5W 100s of W multi kW
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what can we do next

—————————————————————————————————— Pilmp CPA-Bystemm -~y

Fiber Amp. — Innoslab — ... — Innoslab —E Slale /Iﬂ |

2 stage OPA Ep>1mJ

-

---------------------------------- Pump CPA-System  ---------=ss=ssmeeeeeemeeeo, tp=5-30 fs
Comp. i
e 0.1-1 MHz
Fiber Amp. — Innoslab — .. — thin-disk —B i
T ' 2 stage OPA
ambitious project for the next years
400 €J 20 mJ several 100 mJ (1 J possible?)
10 Hz operation ‘ ‘
---------------------------------- PUMP CRASSYSIEI  ~rererr==rrecesremmnee e
Comp. -
SHG Ep>40 mJ
Fiber Amp. — Innoslab — ... — thin-disk —B L =<7 fs

3stage OPA | 10Hz
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The AlLExsperres s fi

OPCPA

A kilowatt-burst pump amplifier
\

A next step is OPCPA y Tavella

A ready to be used this year

Highly efficient QPM HHG source
- developement & characterization
- dual gas jet target

- FLASH-II seeding planned in 2015

L, eeEes
FEEE
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