New Vulcan PetaWatt Beamiline:
Ultra-broadband, picosecond

OPCPA FrontEnd

- EAAC 2019 Workshop -

Mario Galletti!:2

G. Archipovaite!, R Oliveiral, M. Ahmad!, M. Galimberti!,
. Musgrave!, C. Hernandez-Gomez!

'Central Laser Facility, STFC, RAL, Chilton, Didcot, Oxfordshire, OXI | 0QX, UK
2GolP / Instituto de Plasmas e Fusao Nuclear, Instituto Superior Técnico, Lisbon, Portugal

TECNICO F‘ : I
W Fundagdo para a Ciéncia e a Tecn
MINISTERIO DA CIENCIA, TECNOLOGIA E ENSINO SUPERIO!

ologia

.
& Science & Technology AN \'i’;y '))) Ipfn
@ Facilities Council 3 ~ //)) LN'%JJEBSLIEIA%SMAS

M. Galletti | EAAC 2019 Workshop | September 16,2019



Contents W ToB0R

I Vulcan laser facility

Motivation for the new PVV beamline

VOPEL: Fully OPCPA, PW beamline

Overview and its design

I Ultra-broadband, ps Front End

Current status of the research

I Summary & future plans

M. Galletti | EAAC 2019 Workshop | September 16,2019



TECNICO

Vulcan laser facility LISBOA

Nd:Glass laser system delivering 8 beams.
[t 1s Based on the CPA technique with an OPCPA Front End.

Long Pulse: | Long Pulse:
6 beams, 250, 0.5-6ns 250), Ins

Short Pulse: Short Pulse:
~/0), Ips or 200), 10ps ~500J, 500fs
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VOPEL beamline s

Combining two PW beamlines will allow us:

- Pump-probe
experiments
- Combining e- and p*
- Space Radiation
Reproduction
- New imaging capability
- Betatron/ X-ray Imaging

broadband
particle radiation

solid target \

optocouplers

- Betatron imaging

- X-ray imaging

- Acceleration
experiments: e,
p*and light ions

4 mm x 10 mm nozzle

probe beam
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VOPEL beamline site i M

New Fully OPCPA TAP

Rep. Rate: omin
Wavelength: 380nm
Pulse energy: 30
Pulse duration: 30fs
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Overview of the PW Beamline SR04

Sketch of the new PW beamline
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Overview of the PW Beamline () T

Sketch of the new PW beamline

10 ps ns 3 ns I 3ns 3 ns
1] 501]

1 m) .1 mJ 73 [
ps 100 Hz 100 Hz ns 2 Hz Power 5 mins Power 5mins
| Front end )( Stretcher Front end > amplifier 1 > amplifier 2 4>(I Compressor j

| 30fs, 307,

5 mins,
---------'880nm

High energy amplification stagel High energy amplification stage2

Seed 3ns ~/|

Seed 3ns, ~| |
Pump Nd:glass disk (108 mm)

Pump Nd:glass rods |
20 min rep. rate, 220 |, 1053 nm, 3 ns

5 min rep. rate, 30 J, 1053 nm, 3 ns
Upgraded to air

SHG pump in KDP 60% eff, |8 ]. cooled disk amplifier.

Amplified signal /| SHG pump in KDP 65%, 140 |

Amplified signal 50 |
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Overview of the PW Beamline () T

Sketch of the new PW beamline
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| 9% of the beam
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Compressor
Parameters
- Gold gratings
- | 100 Grooves/mm
- Transmission 60%.
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Overview of the PW Beamline

TECNICO
LISBOA
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Sketch of the new PW beamline
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Ultra-broadband ps FrontEnd T

Magma 25:
1030 nm, 25 mJ,
20 ps, 100 Hz

OPA 3_4

S Dlﬁ

VSF! | -

. T

S-pulse:
1030 nm, 1.7 mJ,
10 ps, 100 Hz

OPA1_2

Venteon:
680-1150 nm,
2.5n], 5fs,

A\ B 80 mHz

e

Stretcher

compréssor opa4

New Fully OPCPA TAP

Rep. Rate: |00 Hz
Wavelength: 580nm
Pulse energy. ~|.5 m|
Pulse duration: |0 ps
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Current status of the Front End [ <)%

Goal: sub-30 fs, | mJ, 160 nm @880 nm.

OPA4 spectrum OPA4 temporal length
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The ps NOPA4 stage deliver pulses:
up tol.5 m}J, down to 15 fs, >160 nm.
The NOPA4 efficiency is ~15%.
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Current status of the Front End [ <)%

Goal: sub-30 fs, | mJ, 160 nm @880 nm.

OPAA4 energy stability OPA4 compressibility stability
120 - TspmEr RMS 16%
110 .:SPDER1;:;V[:S 6%
%100 _100
:i 90 qf
i 80 S0 Cor 5
o by
% 5 10 15 20 25 30 35 4 45 50 5 5 0 5 20 > 0
Time [min] Time [min]
- The temporal jitter influences the first - The non-compensation of the 3 order
two NOPA stages, which could be spectral phase, visible with pre=-post
corrected by minor adjustment of the pulses, creates these instabilities in the
delay between signal and pump. temporal length.
- Dazzler implemented but not a
- Active stabilisation on going. feedback loop
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Summary i B

We presented VOPEL: a fully OPCPA, PW beamline
for the Vulcan laser facility.

The full beamline will be ready mid-2021.

The ps Front End is on commissioning:

~ 1.5 m|,100 Hz, compressed to |8 s, BW~1/0 nm centred @880nm.

On time of the project plan schedule

Compressor fully designed, large crystal on order.
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