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Work Package 5 Overview

* Main objective: Building multipass amplifier with Seed Source from AMP

e Task 5.1 Design of the thin-disk multipass amplifier (USTUTT, completed
in P1)

e Task 5.2 Amplifier with 500 W, 1 MHz, sub-500 fs (USTUTT, AMP, Due
M22, completed)

e Task 5.3 Second and third harmonic generation (USTUTT, AMP, Due
M28, “completed” in P2)

e Task 5.4 Integration of Yb amplifier (AMP, USTUTT, Due M28, completed
in P2)

e Task 5.5 Demonstration of a 1 kW, sub-1ps laser system (USTUTT, AMP,
Due M38, ongoing)
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WP5 —Task 5.2: Assembly and characterization of a Yb:YAG
thin-disk multipass amplifier (USTUTT, AMP, Due M22)
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Results in laser labs — Single pass

 Here: no modulation, Oth order 700 e 60
dumped at exit of seed goof * Eficreney S S

* 50 W Seed Power, 330 fs pulses, 1280 E 500 | . . lug s
kHz 5 400l . . £

o 2 {30 2

* Measured output power in single- o 300f . | .-
pass: 605 W (deliverable: 500 W) 2 Ll . 120 £

* Maximum pulse energy (1280 kHz): © ol 1o ©
473 ot o

* No picking implemented in this v Pi?:p o
measurement
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Results in laser labs — Single pass

* 330 fs pulse duration of seed laser 2 AP 600 W oo Power
1,00k Fit ’

* Measured pulse duration at 600 W
power: 393 fs

e Peak Power: 1.1 GW

0,75 F

0.50 1=1,54x393 fs

0,25
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Results in laser labs — Single pass
e Slight spectral narrowing =2 very slight temporal broadening
* Sub 400 fs at 600 W output power 7O ey 450
m  Pulse duration
——— Seed before amplifier 000+ . * 425
1,00 = gggc\j/\?fter amplifier | 500 1 - . ,a,

— output power ] ul;l
5) % _ -
c 075} @ 400 - . " o
% % ] . " 1375 &
T 0. 300-{Seed before amp _ . 5
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* Beam profile at full output power: only slight aberations visible

2 600
* M*<1.3 X-Axis
500 o I’ Y‘AX'S

Diameter in ym
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Results in laser labs — Single pass
600 _
* Thanks to very good thermo- Single Pass
mechanical properties system 500 = T o
is very stable after 00l 500 W
thermalization E I
* Measurement starting around g 300 F
500 W S 200l
* No power drops observed 10
O 1 1 1 1 1 1 1
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Results in laser labs — Sig&gle pass
Single pass
e Reproducable behaviour after 500 | =" [’ ————— T —
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Task 5.3 Frequency Conversion (UST Ukiwlx, Al\/lP
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Task 5.3 Frequency Conversion (UST UI I AI\/IP
completed): SHG

*LBO 10x10x(1.5/1.0) mm Type | (oo-e) cut: 9 = 90°, ¢ = 13.2° T = 37°C

from Cristal Laser (France) HWP TFP  HWP cav 3m

N

Thin LBO
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]
DC{ \DC
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i - \ I vis
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Task 5.3 Frequency Conversion (UST UII AI\/IP
completed): SHG (LBO -1.5 mm)

Z 200 ) ¢ ° 50 -

: ' »z  *M%<1.2at240W

SIS : ¢ *52% of conversion efficiency
é. . @ 515nm Power [W] 5 .

° SECTIE * Pulse duration ~ 313 fs
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Task 5.3 Frequency Conversion (UST Uki(\lx, AI\/I P
completed): SHG (LBO -1.0 mm)

300
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= Conversion Efficiency m -
250 | 450 _
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Task 5.3 Frequency Conversion (USTUTT, AMP,
completed): SHG (LBO -1.0 mm)

[
g ®»
z, =
. i *M*»>18at320W
: ~ *59.4% of conversion efficiency

Incident IR Power [W]
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Task 5.3 Frequency Conversion (UST UII,FAI\/I P
completed): THG

* Non-linear cyrstals
* SHG: LBO 10x10x(1.5/1.0) mm Type | (oo-€e) cut: 9 = 90°, ¢ = 13.2 °,
T =37°C
* SFG: LBO 10x10x1 mm Type | (0co0-e) cutd =90° @ = 40.1°T =47°C

* Both crystals were provided by Cristal laser (France)
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Task 5.3 Frequency Conversion (USTUTT, AMP,
COmp|etEd)2 THG / Setups Setup for temporal walk-off compensation (1)
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Task 5.3 Frequency Conversion (UST Uki(\lx, AI\/I P
completed): THG / physical implementation of

VIS Beam adjustment
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Task 5.3 Frequency Conversion (UST UI I AI\/IP
completed): THG / physical |mplementat|on of
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Task 5.3 Frequency Conversion (UST UI I AI\/IP
completed): THG / results (setup I)

e 52 W @ 343 nm, corresponding to 14.1 % total Farfield @ P = 18W
conversion efficiency (IR->UV) 25

* Limited by damages of dichroic filters after SFG
stage
* Only IR Power up to 380 W out of the >500 W could
be used

*« 18 W: M?< 1.3
e 52 W: M*<2.2

* Beam quality degradation due to thermally
induced aberrations in SFG crystal

Farfielgl___@:f_i 52W
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Task 5.4 Integration of TD-MPA (USIUI I AMP
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Physical implementation in application labs
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Laser experiments in application lab
e Seed power: 50 W (1 Order), 59 W (0 Order)
* M2< 1.3 at514 W, 1.28 MHz repetition rate

* Extraction efficiency >42% 4 [[3 sowee . s 145
B Oth Order Power g L 2 z ¢ 000 : 40
N & 0th Order Efficiency * 7]

* Pulse duration = 294 fs 500 | LR e
— [ ] —
= 400 | * " 130 &
5 * (<)
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Laser experiments in application lab

* Long term measurement

* Operation at ~528W » e
* M? < 1.3 before and after ~ 10 h
400 |
operation
. . g 300 L Network
e RMS Power fluctuation: 1.1 Win a 'g connection error
S
120 min. time interval e .
PV Power fluctuation: 17.6 W for 100 | 1.22/1.26 1.28/1.20
a 120 min. time interval N N | R

60 120 180 240 300 360 420 480 540 600
Time [min]
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Laser experiments in application lab: test of
the modulation scheme

wwe rp ©
e
O |hwe

Comp

AOM
Satsuma .
HP3

| Workpiece/
Analysis
5 -
:> © .
\ Photodiode
= o
Photodiode
- power head / beam dump

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement No 687880 CONFIDENTIAL



toe
PHOTONICS®

ML AT 27 Periodic Review Meeting | Brussels | 4" October 2018
HIPERDIAS ¢ | |

Laser experiments in application lab: test of
the modulation scheme

Ch2 SO0y 2 M 2. 0ps 250M55 4 Onzhot
& ChZ  S00mY
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Laser experiments in application lab: test of
the modulation scheme
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Laser experiments in application lab: test of
the modulation scheme

M2 0ps 2E0MS 4 Onzdat
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Laser experiments in application lab: test of
the burst mgaey
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Task 5.5 Demonstration of a 1kW, sub-1ps TD- |
MPA(USTUTT, AMP, ongoing)

~200W/150W* to be installed on 09-11
October 2018
- Will be used to seed the TD-MPA
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WPS5 - Deliverables
Delversbletile |buedate |swws

D5.1 Design of the multipass amplifier MO06 — July 2016 Approved

D5.2 Thin-disk multipass amplifier with M22- November 2017 Submitted M23-December

500 W, 1 MHz, sub-500 fs

D5.3 Demonstration of 200W green and  M28- May 2018 Submitted M30- June 2018
100W UV laser beams at 1MHz and sub-

500 fs pulse

D5.4 Thin-disk multipass amplifier with M38- March 2019 Not yet submitted, work ongoing

1000W, >=1MHz, sub-1ps
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WPS5 - Milestones
Wiestonettle |buedate |swws

MS24 Thin-disk multipass amplifier with ~ M22 Achieved

500 W, 1 MHz, sub-500 fs

MS36 Demonstration of 200W green and M28 “Achieved for the 200W green and
100W UV laser beams at 1IMHz and sub- partially achieved for the 100W UV
500 fs pulse

MS43 Thin-disk multipass amplifier with  M38 Not yet achieved

1000W, >=1MHz, sub-1ps
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